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FORTRAN IV PROGRAM FOR CALCULATION OF THERMODYNAMIC DATA 
by Bonn ie  J. McBr ide  and  Sanford  Gordon 
Lewis Research Center  
SUMMARY 
A FORTRAN IV program is described which (1) calculates thermodynamic functions 
(heat capacity, enthalpy, entropy, and f ree  energy), (2) fits these functions to empirical 
equations, and (3) calculates, as a function of temperature, heats of formation and 
equilibrium constants. 
The program provides several methods for calculating ideal gas properties. For  
monatomic gases, three methods are given which differ in the technique used for trun- 
cating the partition function. For  diatomic and polyatomic molecules, five methods are 
given which differ in the corrections to the rigid-rotator harmonic-oscillator approxima- 
tion. 
In addition the program provides for calculating thermodynamic functions for solids, 
liquids, and gases from empirical heat capacity equations. 
INTRODUCTION 
Numerous compilations of thermodynamic data are available (refs. 1 to 12). How- 
ever, there is a continuing need for  additional calculations due to (1) discovery of new 
species, (2) revision of existing molecular constant data and structural parameters, 
(3) need for data at temperatures other than already published, (4) availability of new or 
revised heats of formation, dissociation, or  transition, (5) revision of fundamental 
constants or atomic weights, and (6) preference for thermodynamic data in functional 
rather than tabular form. Calculations may also be needed to compare the results of 
assuming various possible forms  of the partition function. 
For these reasons, a flexible FORTRAN IV program has been prepared for the 
IBM 7094 which can perform any combination of the following: (1) calculate thermo- 
dynamic functions (heat capacity, enthalpy, entropy, and free energy) for any set of 1 to 
200 temperatures, (2) f i t  the functions to empirical equations, and (3) calculate, as a 
function of temperature, heats of formation and equilibrium constants from assigned 
reference elements and/or from these elements in their atomic gaseous state. 
The thermodynamic functions for ideal gases may be calculated from molecular 
constant data using one of several partition function variations provided by the program. 
For monatomic gases, (1) one of three partition function cutoff techniques may be 
selected and (2) unobserved but predicted electronic energy levels may be included by 
the program. For diatomic and polyatomic gases, (1) one of five partition functions 
may be selected which differ in the correction factors for nonrigid rotation, anhar - 
monicity, and vibration-rotation interactions and (2) excited electronic states may be 
included. 
For the purpose of additional processing, known thermodynamic functions for 
solids, liquids, or gases may be (1) calculated from heat capacity equations or (2) read 
in directly from IBM cards. 
Because of the variety of options provided and the resulting variety of input data 
required, an objective was to provide for a relatively simple procedure for reading 
input data. This was accomplished by means of a uniform input format. 
output a r e  given for several typical species. 
The program and the equations used are described in detail. Examples of input and 
CALCULATION OF I DEAL GAS THERMODY NAMlC FUNCTIONS 
For gaseous species, the thermodynamic functions may be calculated from spectro- 
scopic constants. A general discussion of methods of calculation is given in reference 3. 
Many of the equations will be repeated here for convenience. The properties are ex- 
pressed as functions of the internal partition function Q; that is, 
RT dT 2 
3 5 5 
R dT 2 2 2 
-- "- T d(ln a) + In Q + - In M + - In T + S, + - (3) 
2 
F; -H: - - -   ‘OT H O T - H ’ =  l n Q + - l n M + - l n T + S c  5 3 
RT R RT 2 2 
where 
(Symbols a r e  defined in appendix A). 
The internal partition function Q in equations (1) to (4) is given by 
Q =  Qm 
m= 1 
(4) 
where Qm is the internal partition function for the mth electronic state and L is the 
number of electronic states. 
Internal Partition Functions for Monatomic Gases 
For monatomic molecules, internal energy consists of electronic energy only. 
Equation (6) then becomes 
L 
L L -em/’’ - C gme -cm /kT 
Q = QT = (25, + l)e - 
m= 1 m= 1 m= 1 
Jm, cm, and gm a r e  the electronic energy partition function, total angular m where Q e ,  
momentum quantum number, electronic excitation energy, and statistical weight, 
respectively, for the mth electronic state. 
Cutoff methods. - An infinite number of bound states exists below the ionization 
Limit for a hypothetical isolated atom (L = co in equation (7)). Inasmuch as the partition 
function diverges and approaches infinity as L - 00, the summation must be cut off. 
A recent review of various cutoff methods is given by reference 13. These cutoff 
methods may be considered to be of the following types: 
(1) No dependence on temperature or pressure 
3 
(2) Dependence on temperature only 
(3) Dependence on temperature and pressure (or density) and possibly degree of 
In the first of the three types, the summation may include various numbers of 
levels. For example, only the ground state is used in the Saha equation (see ref. 14). 
The summation of equation (7) may be over a fixed and usually arbi t rary number of 
levels (such as for  lithium in ref. 15 or f o r  all species in  ref. 11) or equation (7) may 
be summed through all observed levels (as  in ref. 2, for  example). 
duced by a quantity referred to as the "ionization potential lowering, ' ?  which in this case 
is a function of temperature only. 
only those levels below the "lowered'? ionization potential. Reference 16 suggested that 
the ionization potential be lowered by an amount equal to  the temperature function kT. 
This suggested method was used in reference 3. Other temperature functions a r e  sum- 
marized in reference 13. 
The first two cutoff types a r e  distinguished by the fact that they permit the partition 
function and related thermodynamic properties to be calculated as functions of tempera- 
ture only. For the third type, it is not possible to calculate the partition function by 
specifying temperature only. One cutoff technique of this type relates the highest per- 
mitted principal quantum number n to the number of particles per unit volume (number 
density) such as suggested by Bethe (see discussion in ref. 13). Another technique uses  
the ionization potential lowering procedure previously described, but in this case the 
quantity by which the potential is lowered is a function of electron and ionized particle 
number densities. 
This last technique involves mixtures of species and therefore precludes, for all 
practical purposes, the possibility of generating tables for individual species as a func- 
tion of temperature only. This is due to the fact that the cutoff criterion needed to cal- 
culate the partition function depends on mixture composition, while the calculation of 
mixture composition depends on the partition function. Thus an iterative procedure is 
required where the partition function at a specified temperature may be changing from 
one iteration to the next. Consequently, only the first two cutoff types are considered 
in this report. 
Inclusion of ~ - -  predicted .- levels. - In addition to the divergence problem, there is the 
problem of whether to include observed energy levels only o r  also to include levels for  
predicted te rms  which, so  far, have not been observed. From atomic theory, as pre- 
sented in texts such as reference 17, predicted te rms  can be derived. Some of these 
t e rms  are given in tables 10 and 11 in reference 17 and tables 5 to 20 in references 18 
to 20. An examination of the tabulated observed te rms  in references 18 to 20 shows 
that many predicted terms are missing, especially for  the higher quantum numbers. 
ionization 
The second cutoff type is temperature dependent. The ionization potential is re- 
The partition function is then permitted to include 
Several such quantities a r e  summarized in reference 13. 
4 
It has been shown that various series of levels can be represented by formulas such 
as the Rydberg o r  the Rydberg-Ritz formulas (e. g., ref. 21). The constants in these 
formulas can be determined from known levels and used to extrapolate for the unobserved 
levels. However, the number of observed levels differ from species to species and, 
therefore, some judgment must be exercised in obtaining these constants. 
in principle this technique of obtaining predicted, but unobserved, levels can be pro- 
gramed, in practice it amounts to essentially a special program for each species. 
Therefore, this technique was not considered further for this program. 
An alternate, but considerably simpler, technique for filling in unobserved levels, 
which gives essentially the same results for the partition function for many species as 
does the use of the Rydberg-Ritz equations, was included in the program. 
technique will now be described. 
determined that for at least the first 20 chemical elements, the sum of the statistical 
weights could be expressed by the following simple function of the principal quantum 
number n (except for the ground state n of most species) 
Thus, while 
This alternate 
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c g i  = (2Ji + 1) = bn 
Equation (8) applies only to terms arising 
from excitation of the emission electron 
and does not account for other possible 
terms. The table at the left lists (1) the 
derived constants b to be used in equa- 
tion (8) to obtain gi for any n above 
the ground state and (2) gi values for 
the ground state. 
The usefulness of equation (8) ar ises  
from the fact that the inclusion of an un- 
observed level generally makes consider - 
ably more difference than a small e r r o r  in 
the estimated energy for this level. There- 
fore, an option is provided in the program 
to determine for each n the difference in 
statistical weight sums between the ob - 
served levels which have been read in as 
input and that given by equation (8). The 
program then assigns to this difference the 
5 
highest observed level for the corresponding n and includes it with the observed levels. 
tion (8) was  used to calculate the thermodynamic functions of the atomic species in ref- 
erence 3. 
This method of "filling in" predicted, but unobserved, levels by means of equa- 
Internal Partition Function for Diatomic and Polyatomic Molecules 
For diatomic and polyatomic molecules, Qm in equation (6) involves vibrational and 
rotational as well as electronic energy. In this report  the following factored form is 
used to calculate Qm: 
m m m m m  Qm = QpQpRQp Qe Q,Qc 
or 
The quantities Q T ,  QY, and Q;;f are the electronic, harmonic-oscillator, and 
classical-rotation contributions to the partition function, respectively, as given i n  
standard texts (see refs. 22 to 25). The remaining quantities in equation (9) a r e  as 
follows: rotational stretching Qm (ref. 25 or 26), low-temperature rigid rotation Q; 
(refs. 25 and 27), Fermi resonance QG (ref. 28), and both anharmonicity and vibration- 
rotation interaction Q T  (refs. 29 to 31). 
in the inclusion of and formulas for the correction terms (In Qm In QY, In Qg, and 
In Q:). This provision is made so  that the results of the various methods may be com- 
pared. 
Table I contains detailed formulas for all the In Qm terms and their derivatives 
except those for In Q T  which are given in table II. The derivatives of In Q T  a r e  not 
given directly as a r e  the derivatives in table I. It was found to be considerably more 
convenient to express the derivatives of In Q T  by means of general formulas than to 
obtain the derivatives directly. These general formulas are given in a footnote of 
table II. 
P 
The program provides five methods of calculating the partition function which vary 
P '  
EMPlR ICAL EQUATIONS FOR THERM0 DY N A M  IC FUNCTIONS 
Empirical equations for  thermodynamic functions a r e  often used for convenience. 
6 
These equations are usually based on the following form for heat capacity: 
c i  = r aiT qi 
i= 1 
Enthalpy and entropy a r e  related thermodynamically to Co as follows: P 
S& = + / (z) dT 
where 
coefficients ai from a set  of thermodynamic data using the least-squares technique 
given in reference 32, o r  conversely, in generating the thermodynamic data from the 
empirical equations. The least squares method differs from the usual  least squares 
treatment in that it simultaneously fits heat capacity, enthalpy, and entropy. 
and ar+2 a r e  integration constants. 
The program uses equations (10) to (12) in two ways, either in generating the 
ASSIGNED ENTHALPY VALUES 
For some applications (see ref. 33) it is convenient to combine sensible enthalpy 
and energies of chemical and physical changes into one numerical value. An arbitrary 
base may be adopted for assigning absolute values to the enthalpy of the various sub- 
stances, inasmuch as only differences in enthalpy are measurable. For example, the 
arbitrary base selected in reference 3 was a value of zero at 298.15' K (Hgg8. 15 = 0) 
for a selected set  of elements. of 
any substance equal to its heat of formation at 298.15' K from this set of selected 
elements. 
This selection makes the assigned value, Ho 298. 15' 
ASSIGNED REFERENCE ELEMENTS 
The designation of an element in a particular phase to be a reference element is 
needed in order that values of heats of formation and equilibrium constants be unam- 
biguously related to specific reactions. Some reference elements which are commonly 
7 
found in the literature are the following (see ref. 3): the inert gases, He, Ne, and Ar; 
the diatomic gases, H2, N2, 02, F2, and C12; and the condensed elements, Li(c, L ) ,  
Be(c,L), B(c,Z), C(graphite), Na(c, L ), Al(c,i ), Si(c, 1 1 ,  P(c IV, c m, L ), and 
S(c 11, cI, 1 )  where c is a crystal phase and 1 is a liquid phase. Assigned reference 
elements used for the examples in this report were taken from this set. 
HEATS OF FORMATION AND EQUILIBRIUM CONSTANTS 
In the program described in this report, heats of formation and log K for a species 
are calculated as a function of temperature for two reactions. These reactions a r e  for 
the formation of the species from the elements in either their assigned reference state 
discussed previously or in their atomic gaseous state. 
1000° K: 
The following a r e  examples of how these properties are calculated for CO(g) at 
Relative to reference elements, 
(13) 0 AH?OOO = (HIOOO)CO(g) - (H?OOO)C(graphite) 
(14) 
0 0 0 1 0  
AF1OOO = (FIOOO)CO(g) - (FIOOO)C(graphite) - .z (F1000)02(g) 
or relative to gaseous atoms, 
By definition, 
-AFT 0
loglo K = 
2.3025851 RT 
COMPUTER PROGRAM 
The computer program was written for an IBM 7094 with 32 thousand core storage 
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and IBM 1403 printers with 132 print positions. FORTRAN tape 3 is used as a binary 
scratch tape. Input and output tapes are FORTRAN tapes 5 and 6, respectively. 
The program consists of a main routine and 17 subroutines written in FORTRAN IV 
and, in addition, five Lewis Research Center subroutines written in 7094 MAP assembly 
language. A listing of the FORTRAN program is given in appendix B and a discussion 
of the routines is given later. 
BCDUMP, BCREAD, IALS, and IARS) are given in appendix C. 
require version 13 IBSYS operating system. 
A listing and brief discussion of the five Lewis subroutines (named SKFILE, 
These MAP routines 
Avai lab i l i ty  to O the r  Organizat ions 
The source program decks will be made available on written request to the authors. 
The input data used for the examples in this report will be included for check out pur- 
poses. In addition, for  use in calculating log K, the enthalpy and f ree  energy data for at 
least the first 18 elements in their atomic gas as well as their assigned reference state 
wil l  be included. These data a r e  essentially those of reference 2. 
discussion a r e  options, input, output, general flow of the program, and subroutines. 
The following sections give a general discussion of the program. Included in this 
Options 
The program provides a choice of several  methods for calculating the thermodynamic 
functions CO H! - H;, H; - Hi98. 15, SOT,  -(I$, - H;), and - ( F ~  0 - H&8. 15). For ideal 
P' 
gases, these functions may be obtained from one of several  assumed forms of the parti- 
tion function o r  else from empirical equations. 
dynamic functions may be calculated only from empirical equations. In addition, thermo- 
dynamic functions for any phase of a species may be read directly from cards for addi- 
tional processing. 
The program also has two other capabilities which are optional: (1) least-squares 
fitting of the thermodynamic functions to empirical equations (eqs. (10) to  (12)) and 
(2) calculating heats of formation and log K values for  the same temperature range as 
the functions. 
For solids and liquids, the thermo- 
The following is a discussion of these optional features. 
Partition functions - monatomic gases. - The partition function for monatomic 
gases is given by equation (7). The program permits three optional ways of terminating 
the number of energy levels L to be included in calculating this partition function. 
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These three options, indicated by their program code names given in capital letters, are: 
(1) ALLN - inclusion of all electronic levels in the input data, (2) FMEDN - inclusion of 
all levels through a specified principal quantum number n, and (3) TEMPER - inclusion 
of all energy levels that are less than or equal to the ionization potential lowered by an 
amount kT (see section Cutoff methods). -~ - 
include predicted but unobserved levels automatically (see discussion in the section 
Inclusion of predicted levels). 
gases, the program provides for a selection of five methods of calculating the partition 
P’ 
function which varies in the inclusion of and formulas for the correction terms (In Q 
In Q,, In Qw, and In Qc) in equation (9). The formulas for the In Q terms included 
in each of the five methods are given in tables I and II. If certain spectroscopic con- 
stants are not available as input, the program automatjcally excludes those In Q terms 
involving them. The methods (with their program code names in parentheses) a r e  as 
follows: 
(1) Rigid-Rotator Harmonic -Oscillator (RRHO) approximation - This method ex - 
cludes all the correction terms in equation (9) (i. e. , In Qp, In Q,, In Qw, and In Qc). 
(2) Modified Pennington and Kobe (PANDK) method - The formulas given in table 11 
for  In Qc are similar to those given in reference 29. The method in this report is 
equivalent to the one described in reference 3 except for the formula for In Q, (for- 
ula 6 in table I). All correction terms in equation (9) are included with the exception of 
the Fermi resonance In Qw as indicated in table I. 
(3) Joint Army Navy Air Force (JANAF) method - This method is described and 
used in reference 2.  For diatomic molecules, it is the same as the PANDK method 
except for the definitions of al and Xll which a r e  used in formulas 9 and 12, respec- 
tively, in table 11. For  polyatomic molecules, the JANAF method is the same as the 
RRHO method. 
and In Q terms, all the In Qc terms given in references 30 and 31 were included 
which do not contain a (c2 /T)2 o r  (c2 /T)3 factor. 
(5) Nonrigid-Rotator Anharmonic -Oscillator 2 (NRRA02) - This method includes 
the same In Qc terms as NRFtAO1 with the addition of In Qc terms from references 30 
and 31 which contain (c2/T) 
thermodynamic functions from the empirical equations (eqs. (lo), ( l l ) ,  and (12)) has the 
following features: 
(1) The value of r (number of coefficients ai) may be any number from 1 to 10. 
(2) The temperature exponents qi may be any positive o r  negative numbers o r  zero. 
With any of these three cutoff options, an additional option (FILL) is provided to 
Partition functions - diatomic and polyatomic gases. - For diatomic and polyatomic 
(4) Nonrigid-Rotator Anharmonic-Oscillator 1 (NRRAO1) - In addition to the In Qe 
P 
2 factors. 
- Thermodynamic functions from empirical equations. . -~ - The routine for calculating 
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(3) Any number of sets of ai and qi may be read in for various temperature in- 
(4) The integration constants, 
(5) When a phase transition occurs, the integration constants, 
tervals for a particular species. 
and ar+2 may be read in o r  calculated by the 
program from the enthalpy and entropy values, respectively, for  a specific temperature. 
and ar+2 for 
the second phase may be read in  or  calculated by the program from either the enthalpy 
o r  entropy of transition. 
(6) There is an option to punch on binary cards up to five coefficients and two inte- 
gration constants for  each temperature interval. This option has been included in order 
to provide thermodynamic data in the form required by reference 33. 
equations (lo), (ll), and (12). The routine has the following features: 
Least-squares ~~ ~ f i t .  - The least-squares routine fits the thermodynamic functions to 
(1) The value of r (number of coefficients ai) may be any number from 1 to 10. 
(2) The temperature exponents qi may be any positive or negative numbers or zero. 
(3) An option is provided to permit the -data to be divided into any number of speci- 
The purpose in providing for.severa1 intervals is to increase fied intervals from 1 to 9. 
the accuracy of the f i t .  
fit either the original data or the values obtained from fitting a n  adjacent interval. The 
purpose of these constraints is to give equal values of the functions at the common point 
and thus avoid discontinuities between consecutive intervals. However, only one tem - 
perature may be specified in the input for which the fitted equations reproduce the 
original values. (If no temperature is specified, the program assigned 1000° K .  ) 
equations constrained to fit the original data at the transition point. 
integration constants will be punched on binary cards. These cards a r e  made in order 
to provide thermodynamic data in the form required by reference 33. 
lating heats of formation and log K values as a function of temperature for  two reactions. 
The reactants for these two formation reactions a r e  either monatomic gases or assigned 
reference elements (see sections Assigned Reference Elements and Heats of Formation 
and Equilibrium Constants). 
Heats of formation and log K values for a particular species can be calculated if 
the necessary enthalpy and free energy data for the reactants as well as for  that species 
a r e  available. Therefore the monatomic gases and assigned reference elements are 
processed first. For  these reactants, there is an  option to reserve the enthalpy and 
free energy data in two ways: (1) by writing the data on tape and (2) by punching the data 
on cards. The data on tape are saved only for use with other species being processed 
(4) The equations for each temperature interval a r e  constrained at an endpoint to 
(5) For  two or more phases, the data for each phase is fitted separately and the 
(6) For  each temperature interval, up to five of the coefficients ai plus the two 
Heat of formation - _ _ and ~ c _  log K values. - The program provides an  option for calcu- 
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during the same computer run. For later computer runs, the data on the binary cards 
may be read in as part of the input and, if so, are automatically put on tape. 
If there is a temperature in the data for a particular species which is not contained 
in the data on tape for  the required reactants, the reactant data are interpolated using 
three -point Lagrangian interpolation. 
Input 
Types of data. - The input data are grouped into two categories; namely, general 
and specific. General data a r e  read into storage and retained for  use with any number 
of species to be processed in any particular computer run. Physical constants, atomic 
weights, and reactant enthalpy and free energy values fall into this category of input 
data. (See previous section. ) 
processed. The data in each set  a r e  read, processed, and cleared before the next set  
is read. A set of specific data cards for a diatomic gas would contain the chemical for-  
mula; the method of calculation, such as PANDK; molecular data such as we, wexe, 
Be, and ae; desired options such as a least-squares f i t  or a special temperature 
schedule; and finally, a card to indicate the end of the set of specific data. 
three ways: 
For  example, the input card containing physical constants has the code CONSTS in these 
columns. Thus, this card will be referred to as the CONSTS card. 
On the other hand, a se t  of specific data cards is required for  each species to be 
Identification of __- cards. - All input cards will be referred to in one of the following 
(1) Most cards will be identified by the code word punched in card columns 1 to 6. 
(2) The first card of a set  of specific data cards has the chemical formula punched 
in card columns 1 to 12. 
"formula" does not appear on the card. 
(3) Column binary cards containing enthalpy and free energy data for  the reactants 
will  be referred to as binary E F  data cards. The word "EF data" does not appear on 
the card. 
Uniform format. - All cards of types (1) and (2) are read with a single format which 
will be referred to as the uniform format. Format details a r e  given in appendix D. 
Contents of individual cards. - A brief description of the contents of the individual 
cards is given in table III. (Detailed descriptions are given in appendix D. ) The right- 
hand column indicates which cards a r e  optional. Table 111 indicates that the card code 
in card columns 1 to 6 is a mnemonic device which does one o r  more of the following: 
(1) Indicates what data are on the card (i. e. , CONSTS, ATOM, EFDATA, TEMP, 
This card will be referred to as a formula card. The word 
LSTSQS and DATA) 
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(2) Indicates an option discussed in the section Options (i. e.,  LOGK, LSTSQS, 
(3) Identifies the data on the binary cards which follow it (i. e . ,  EFDATA) 
(4) Cal ls  for some intermediate output (i. e . ,  LISTEF and INTERM) 
(5) Identifies the input data sources (i. e . ,  REFNCE) or gives a date (i. e . ,  DATE) 
(6) Indicates the end of a set  of specific data (i. e.,  FINISH) 
EFTAPE, and METHOD) 
General Flow of Program 
The general flow of the program is given in figure 1. For convenience in locating 
various sections of the FORTRAN program, 79 location numbers, referred to as C10, 
C20, . . . , C790, were included as comments in the program. Some of these location 
numbers a r e  also shown in figure 1. Subroutine names are given in parentheses. 
From figure 1, the following a r e  evident: 
(1) Each card (except for the binary EF data cards) is read and listed. The flow 
(2) The general data storage is cleared only at the beginning of each computer run. 
(3) The order of the general data is immaterial except for the fact that the EFDATA 
(4) The specific data (including options) a r e  cleared at the beginning of the program 
(5) There may be any number of se t s  of specific data - each having any combination 
(6) The order of the optional cards (EFTAPE, LOGK, LSTSQS, INTERM, DATE, 
(7) The temperature schedule (TEMP cards), if not the standard 100 (100) 6000' K, 
(8) The DATA cards must follow the METHOD cards. 
(9) Any card which is not recognized by the code in card columns 1 to 6 is assumed 
(10) From the chemical formula, the following items are determined by the program: 
is directed according to the code in card columns 1 to 6, 
Thus, these data a r e  retained as they are read in. 
and binary EF data cards must remain in sets for each reactant. 
and after each FINISH card. 
of options. 
and REFNCE) in the specific data is immaterial. 
must be read before the METHOD card. 
to be a formula card. 
(a) the molecular weight 
(b) the phase of the species 
(c) the number of atoms (i. e . ,  whether species is monatomic, diatomic, o r  
polyatomic) 
(11) The H: value may be calculated from an assigned value at any temperature or 
a heat of reaction (see formula card in appendix D). (The H: value is used in calcu- 
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lating AH; and log K and the integration constants ar+l (eq. (11)). 
(12) Thermodynamic functions a r e  calculated immediately after the DATA cards are 
read. 
(13) After the FINISH card is read, H: is calculated, the least-squares f i t  option is 
checked, tables of thermodynamic functions are listed, and the AH; and log K option 
is checked. 
(14) General data may be modified o r  added following any FINISH card. If a second 
CONSTS card, ATOM card for a particular atom, or  a second set  of EFDATA and binary 
E F  data cards for a particular reactant is read, the data on these cards will be used for 
succeeding calculations. 
E F  data cards are punched and the data are put on tape. 
able for use with any succeeding calculations in the same computer run. 
a se t  of specific data. 
perature range of interest. 
may be read in directly while the liquid data may be obtained from empirical equa- 
tions. 
dynamic properties. 
tions of excited electronic states may be included in the calculation of the thermodynamic 
functions for diatomic and polyatomic gases. 
having its own set of molecular constants. 
cards for each state together with a code number in card columns 79 and 80. The values 
of Qm, T dQm/dT, and T d Q /dT 
state a r e  read. These values a r e  summed as they a r e  calculated. 
(15) With an EFTAPE option card in a set of specific data, EFDATA and binary 
The data on tape will be avail- 
(16) Any number of sets of METHOD and corresponding DATA cards may be read for 
This is useful for species with more than one phase in the tem- 
For example, the thermodynamic functions for the solid 
The data for both phases will appear in the same listed tables of the thermo- 
A feature of the program which is not indicated in the flow diagram is that contribu- 
There may be any number of states, each 
This is accomplished by grouping the DATA 
2 2 m  2 a r e  calculated after the DATA cards for each 
output 
A brief description of punched card and listed output is given i 
tailed description is given in appendix E. 
this section; de - 
Punched card output. - Cards are punched with certain options as indicated by the 
following: 
(1) With an EFTAPE specific data card, an EFDATA card and binary EF data cards 
a r e  punched. 
(2) With a LSTSI&S card, column binary cards are punched which contain the chemi- 
cal formula of the species, the temperature intervals, and the least-square coefficients 
(eqs. (10) to (12)). 
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(3) With DATA cards which contain coefficients (eqs. (10) to (12)) as well as a 
TPUNCH code, the coefficients will be punched in the same format as item (2). 
TPUNCH code is described in appendix D and its uses illustrated in example 5, appen- 
dix F.)  
(The 
Listed output. - The following data are always listed: 
(1) The contents of all input cards in the uniform format 
The following data are listed only with the indicated options: 
(1) With a LISTEF card, the contents of the binary E F  data cards a r e  listed. 
(2) With an INTERM card included in the specific data of a particular species, 
(3) With a LSTSQS card, the following data a r e  listed for  each temperature interval 
(a) The thermodynamic functions (both the original and those obtained from the 
(b) The e r r o r s  between the original and the fitted data 
(c) The least-squares equation for heat capacity and the integration constants 
(d) The contents of the punched binary cards (see item (2) in the section 
intermediate data a r e  listed as detailed in appendix E. 
fitted: 
ieast -squares f i t  
(eqs. (10) to (12)) 
Punched card output) 
(4) With a LOGK card, two tables a r e  listed: 
P (a) Table of T, Co/R, (HOT - Hi)/RT, S;/R, -(F; - H;)/RT, H;/RT, -F;/RT, 
and AH;/RT and -AF;/RT for  formation of the species from both 
assigned reference elements and monatomic gases 
reactions as the previous table 
(b) Table of T, Ci ,  H; - HE, S;, -F%, and AH; and logl# for the same 
Exa m p I es 
Sample problems with punched card input and listed output a r e  given in appendix F. 
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Main Routine and Subroutines 
The FORTRAN listing in appendix B has a number of comments to indicate the oper- 
ations of various sections of the program as well as location numbers C10, C20, . . . , 
(2790. A short description of each subroutine follows. 
program as given in figure 1 and discussed in the section General Flow of the Program. 
Subroutines called by PAC1 are indicated in figure 1 in parenthesis in o r  near the ap- 
propriate boxes. 
INPUT(C70). - This routine reads and lists all cards that have been punched in the 
uniform format. The output format for  listing numerical values is varied according to 
the size of the numbers. 
- PAGEID(C80). - This routine lists the chemical formula at the bottom of a page in 
the output listing and skips to a new page. The program allows approximately 55 lines 
to be printed on a page. 
EFTAPE(C9O - to -..- C130).  __ - This routine (1) reads binary E F  data cards, (2) punches 
new sets  of EFDATA and binary E F  data cards, and (3) stores  these data on tape. 
IDENT(C140 to . C160). . -~ - This routine analyzes the chemical formula on either the 
formula card or the EFDATA card. It separates and s tores  each chemical symbol and 
corresponding number of atoms in the chemical formula. The chemical symbols a r e  
matched in the SYMBOL a r ray  and corresponding indexes are stored. 
When analyzing a chemical formula from a formula card, the molecular weight is 
calculated. 
TEMPER(C170 to C180). - This routine s tores  the temperature schedule as given 
on one o r  more TEMP cards. It is called from PAC1 after a TEMP card has been read. 
RECO(C190 to C250). ~ - This routine processes the METHOD and DATA cards for 
methods READIN and COEF. The routine is called from PAC1 after a METHOD card 
has been read with either a COEF or  READIN code. 
read the DATA cards plus the next card. 
For READIN, the thermodynamic functions on each card are simply stored. For 
COEF, the thermodynamic functions are calculated and stored. 
The RECO routine is also used to relate the enthalpy of two phases of the same 
species by means of an enthalpy or entropy of transition. One of these transition values 
is given on the METHOD card of the second phase (DELTAH o r  DELTAS code described 
in appendix D) and used to calculate the enthalpy of the second phase at the transition 
temperature. The f ree  energy value of the second phase is taken to be equal to the 
f ree  energy value of the first phase at the transition temperature. 
(C510 to C530)) to check for  the options of least-squares fit or  punching coefficients for 
PACl(C10 to C60). - This is the main routine and directs the general flow of the 
- -
______- - __ 
The RECO routine calls INPUT to 
If a transition is present, the routine calls DELH (discussed in the section DELH 
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the first phase. 
ATOM(C260 to C310). - This routine calculates thermodynamic functions for 
monatomic gases. 
The routine calls INPUT to read all DATA plus the next card. The J values, 
which a r e  read with an alphanumeric format, are changed to floating point numbers and 
stored. 
levels included in the calculations is determined by the cutoff method (ALLN, FMEDN, 
or TEMPER) given on the METHOD card. Predicted but unobserved levels will be in- 
cluded with the FILL option. 
POLY(C320 to C410). -- - This routine calculates thermodynamic functions for 
diatomic and polyatomic gases. 
Subroutine INPUT is called to read the DATA cards plus the next card. Subroutine 
LINKl is called to calculate the partition function according to the method specified 
(RRHO, PANDK, JANAF, NRRAO1, or "02). 
code in card columns 79 to 80. 
a r e  read in and stored. The partition function for each state is calculated prior to  
processing DATA cards for the next state. 
LINKl(C420 to C480). - This routine calculates the partition function for diatomic 
and polyatomic molecules. The formulas given in tables I and 11 are evaluated according 
to the method specified. 
The routine is called from subroutine POLY. LINKl in turn calls two subroutines, 
DERIV to calculate the derivatives of the partition function and QSUM to keep a running 
total of the various contributions to the partition function. 
KD(C480). - This function subprogram calculates Kronecker delta. 
DERIV(C490). - This routine calculates the derivatives of the partition function 
Energy levels are sorted in order of increasing energy values. The number of 
B more than one electronic state is present, the various states a r e  identified by a 
In this case, DATA cards for only one state at a t ime 
using the method given in the footnote of table II. The routine is called from a number 
of places in LINK1. 
tributions to the partition function and its derivative for each electronic state. These 
contributions are listed if an INTERM card has been included in the input. 
QSUM(C500). ~ _ _ _ _ _ _ _  - This routine keeps a running total of all, except translational, con- 
QSUM is called from a number of places in LINK1. 
DELH(C510 to C530). - This routine calculates the H i  value, calls LEAST for the 
least-squares f i t  option, and calls PUNCH for the option of punching coefficients read 
with the COEF method. The information given on the formula card (AH; of formation, 
D;, HOT, T) is used in calculating the H: value. 
will also be called from RECO for  phase transition points. In this latter case, any 
The routine is called from PAC1 after the FINISH card has been read. However, it 
17 
i 
processing (the H: calculation, the least-squares fi t ,  o r  the punching of coefficients) 
will be  for  the species phase coming ahead of the transition point in the input. For ex- 
ample, for a species with input data for the solid followed by the liquid, DELH will 
process the solid when it has been called from RECO. The liquid will be  processed 
when DELH is called from PAC1. 
TABLES(C540 to C570). - This routine lists tables of thermodynamic functions as 
discussed in appendix E. The output format varies depending on the availability of the 
following values: (1) the Hig8. 15 - H: value which is required in obtaining 
H; - Hi98. 15 
taining H$ and -F;. 
included in the input. It calculates AH&/RT, AH;, -AF;/RT, and log K for the forma- 
tion of the species from the assigned reference elements and the monatomic gases. The 
required enthalpy and free-energy data for these reactants have been stored on tape by 
the EFTAPE subroutine. 
reactant species for either of the formation reactions is not on tape, the appropriate 
columns in these tables are left blank. 
LSTsQS cards have been included in the input. It calculates the least-squares coeffi- 
cients, lists certain information detailed in appendix E, and calls PUNCH to punch the 
coefficients on cards. 
PUNCH(C77O ~ to C790). - This routine punches binary cards containing the coeffi- 
cients obtained either from a least-squares fit or  from the DATA cards associated with 
method COEF. For  these two options, PUNCH is called from subroutines LEAST and 
DE LH, respectively . 
tails in appendix E. 
and -(F; - 15)’ and (2) the H: value which is required in ob- 
LOGK(C580 to C650). - This routine is called only if a LOGK option card has been 
The LOGK routine lists two tables of properties as detailed in appendix E. If any 
LEAST(C660 to (2760). ~. - This routine is called from DELH only if one or  more 
The contents of each card are listed in the order they are punched. See output de- 
Lewis Research Center, 
National Aeronautics and Space Administration, 
Cleveland, Ohio, February 14, 1967, 




rotational constants corresponding to equilibrium separation of atoms 
rotational constants for lowest vibrational state 
polynomial coefficients used in eqs. (10) to (12) 
integration constant defined by eq. (11) 
integration constant defined by eq. (12) 
constant defined in eq. (8) 
heat capacity at constant pressure for standard state 
velocity of light o r  crystal phase of chemical substance 
second radiation constant, hc/k 
spectroscopic constants for rotational stretching 
rotational stretching constants for lowest vibrational state 
dissociation energy at temperature T for standard state 
degeneracy associated with vi 
(F; - H i )  i- HE 
sensible free energy at temperature T relative to 0' K for standard state 
sensible f ree  energy at temperature T relative to 298.15' K for standard 
state 
electronic statistical weight 
anharmonicity constant for doubly degenerate vibrations in linear mole- 
chemical energy at 0' K for standard state 
cules 
(H; - HE) + H: 
sensible enthalpy at temperature T relative to 0' K for standard state 
sensible enthalpy at temperature T relative to 298.15' K for standard 
state 

















principal moments of inertia 
total angular momentum quantum number 
equilibrium constant 
Boltzmann constant 
total number of electronic energy states 
liquid phase of chemical substance 
molecular weight 
Avogadro' s constant 
number of unique frequencies o r  principal quantum number 
partial pressure 
internal partition function 
internal partition function for mth electronic state 
correction factor to the partition function for  anharmonicity and vibration- 
electronic partition function for mth electronic state 
classical-rotation partition function for mth electronic state 
harmonic-oscillator partition function for mth electronic state 
Fermi resonance correction factor to partition function for mth electronic 
rotation interaction for mth electronic state 
state 
th low temperature rotational correction factor to partition function for m 
rotational-stretching correction factor to partition function for mth elec - 
electronic state 
tronic state 
temperature exponents in eq. (10) 
universal gas constant 
number of coefficients ai in eq. (10) 
constant defined by eq. (5) 
entropy for standard state 
temperature, 4c 
electronic excitation energy between lowest vibrational states (v = 0) of 







c2 vi /T 
vibrational quantum number 
Fermi resonance constant 
anharmonicity constants for polyatomic molecules 
vibration-rotation interaction constants for diatomic and linear 
polyatomic molecules 
vibration-rotation interaction constants for polyatomic molecules 
rotational-stretching - vibration interaction constant 
energy of mth electronic state 
observed fundamental frequency 
rotational-stretching spectroscopic constant 
symmetry number 
zero -order vibrational frequency for diatomic molecule 
anharmonicity constants for diatomic molecules 
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M A I N  PROGRAM - PAC1 
TEST111 L I S T  E F  DATA 
T E S T 1 3 1  SPECIES IS AN ION. 
T E S T 1 4 1  SPECIES IS A GAS. 
TEST151 SPECIES IS A L I O U I O .  
TEST161 SPECIES IS A SOLIO. 
TEST171 SUBROUTINE HFTAPE IS CALLING SUBROUTINE IOENT. 
TEST181 AN ASSIGNED H IS AVAILABLE 
T E S T I 9 )  CP/R.H-HO/RTt AN0 S I R  ARE READY TO BE OUTPUTTED 
T E S T f 1 0 1  SPECIES 10 BE REACTANT. PUNCH E F  OATA AN0 WRITE _ _  . -  
T E S T ~ ~ ~ I  LOG K-CALLEO-FOR 
T E S T t 1 3 1  OATA ARE I N  THE FORM. H-H298 AN0 - 1 F - H t 9 8 I  





P A C 1 0 0 0 4  
PAC10005 
PAC10006 






P A C 1 0 0 1 3  
T E S T I  15) LEAST SOUARES CALLED FOR P A C 1 0 0 1 4  
PAC10015 TEST1161 ERROR I N  INPUT. GO TO NEXT SPECIES 
T E S T 1 1 7 1  PUNCH REhO- IN COEFFICIENTS PAC 10016 
TEST1 181 ENTHALPY IS ABSOLUTE PAC10017 
TEST1191 SPECH IS SET PAC10018 
TESTI 2 0 1  TEMPERATURE SCHEDULE HAS BEEN STORE0 P A C 1 0 0 1 9  
PAC 10020 
COMMON NAMEl21rSVMBOL(701 .ATMWTl70l.R.HCK.NEL .ICARD.IWORO151. P A C 1 0 0 2 1  
1 WORD1 41 TEST1 20 l .WEIGHT~FORMLAl5  1 vMLA15 1. BLANK.ELEMNT1 70 1. PAC10022 
2 NATOM. NTeCPR 1 2 0 2 1  .HHRT 1 2 0 2  I * A S 1  NOH. T I 2  021 .ASINOT t FHRT 1 2 0 2  I PAC 10023 
4 S P E C H ~ T A P E 1 6 0 6 ~ ~ P T ~ E L T ~ E X P l l O l ~ T R A N G E l l O 1 ~ T C O N S T ~ N K I N O ~  PAC10025 
5 NF.L1NES.ITR.NTMP~AGl7Ol~GGl7O~~NIT.PI.H29BHR~IHEAT~JFl5l PAC10026 
P A C 1 0 0 2 7  
3 SCONST.NOATMS.MPLACEl7Ol~LPLACEl7Ol~NMLAl7Ol~NOFILE~ P A C 1 0 0 2 4  
c10 PAC10028 
C PAC10029 
C O M M O N / P C H / L E V E L ~ N F 1 ~ N F 2 t A N S l 9 ~ l 5 l ~ T C l L O l ~ N T C ~ N F P ~ L O A T E ~ N N N ~ N L A S T  PAC10030
INTEGER FORMLA. wm. SYMBOL. ELEMNT P A C 1 0 0 3 1  
LOGICAL TEST PAC 10032 
EOUIVALENCE 1 X . I X l  PAC10033 
C P A C 1 0 0 3 4  
C I N I T I A L I Z E  ONCE. PAC10035 
WRITE16.3) PAC10036 1 
3 FORMAT1 lH11 PAC10037 
T E S T 1 1 1  = .FALSE. PAC10038 
R = O  PAC10039 
HCK = 0 PAC10040 
NEL = 0 P A C 1 0 0 4 1  
REWIND 3 PAC10042 2 
EN0 F I L E  3 PAC10043 3 
NATOM 0 P A C 1 0 0 4 4  
N O F I L E  = 0 PAC10045 
00 32 I = 1.106 PAC10046 
MPLACEI I 1  = 0 PAC10047 
L P L A C E I  I j = 0 PAC10048 
3 2  N W L A I I I  = 0 PAC10049 
C PAC10050 
P A C 1 0 0 5 1  C I N I T I A L I Z A T I O N  FOR EACH SPEClES. FOLLOWS F I N I S H  CAR0 . 
1 0 3  DO 101 ~ = i . i o  PAC 1 0 0 5 2  
E X P I 1 1  = 0.0 PAC10053 
101 T R A N G E I I I  = 0.0 P A C 1 0 0 5 4  
TCONST = 0.0 PAC10055 
00 109 I = 3.20 PAC 10056 
109 TEST111 = .FALSE. PAC10057 
LDATE = 0 PAC1 0058 
NAME111 = IBLNK PAC10059 
NAME(21 = IBLNK PAC10060 
IHEAT = I B L N K  PAC10061 
T I N T V L  = 0.0 PAC10062 
NT = 0 PAC 10063 
N I T  = 1 PAC 10064 
NTMP = 1 PAC10065 
NNN = 1 PAC10066 
ASINOT = 0.0 PAC 10067 
ASINOH = 0.0 PAC10068 
SPECH I: 0.0 PAC 10069 
H298HR = 0 PAC10070 
LEVEL = 1 P A C 1 0 0 7 1  
NTC= 0 PAC10072 
NPR = 0 PAC10073 
I E X  = 0 PAC10074 
I T R  = 0 PAC10075 
NF = 0 P A C 1 0 0 7 6  
N F l  = 1 PAC10077 
PAC10078 on 102 1=1.202 
22 
102 T I  Il=O.O 
P I  = 0. 
P 
P ~ ~~ 
PTMELT = 0.0 P 
DATA ITEMP/4HTEMP/~METHOO/6HMETHOO/~IHFTAP/6HHFTAPE/~LSTSOS/6HLSTSP 
lOS/~ILGK/4HLOGK/~IREF/6HREFNCE/~IFINSH/6HFINISH/~INTERM/6HINTERM/ P 
DATA I A T O M / 4 H A T O M / ~ I C f l N S T / 6 H C O N S T S / 6 H S C O N S T / ~ I R / l H R / ~  P 
DATA I B L N K  / 1 H  / ~ I O A T E / 4 H O A T E / ~ N O L E A S / 6 ~ N O L E A S / ~ I H C K / 3 H H C K / ~  P 
l IHFOAT/6HHFOATA/~IEFOAT/6HEFOATA/~IEFTAP/6HEFTAPE/~LIST/6HLISTEF/  P 
C P 
c20 
C CALL I N P U T  TO R E A 0  AN0 WRITE CONTENTS OF ONE I N P U T  CARO 
,. L 
104 CALL I N P U T  ( L I N E S 1  
194 I F l I C A R O . E O . I F I N S H l G 0  TO 111 
IF(1CARO.EO.LISTl GO TO 2 
I F (  ICARD.EO.INTERH1 GO TO 209 
IF1 1CARO.EO.IOATE I GO TO 205 
I F (  ICARO.EO.ITEWP1 GO TO 105 
IF1 ICARO.EO.METHOO1 GO TO 107 
I F 1  1CARD.EO.IHFTAP .OR. ICARO.EO.IEFTAP1 GO TO 110 
IF1 1CARO.EO. I L G K I  GO TO 319 
IF1 1CARD.EO.IREFI GO TO 104 
I F  lICARD.EO.NOLEAS1 GO TO 106 
I F 1  ICARD.EO.LSTSOS1 GO TO 180 
I F  lICARO.EO.IATOM1 GO TO 13 
I F  lICARO.EO.ICONST1 GO TO 5 



























DATA I N V C H / 5 H I N V C M /  . K C A L / 4 H K C A L / ~ I E V / 2 H E V / ~  JOULES/6HJOULES/ P 
DATA I C A L / 3 H C A L  /e I P / Z H I P / .  IPATOM/6HIPATOM/. I H F 2 9 8 / 5 H H F 2 9 8 /  P 
P 
I DELH/6HOELTAH/.  IO I S/6HO I SSOC / t  I ASH/6HAS INOH/ I H T / l  HT/  
F CC 1-6 CONTAIN NO RECOGNIZABLE CODE. ASSUME CARO CONTd 
C C A L L  IOENT TO ANALYZE FORMULA 
CALL I O E N T  




























' A  






' b  
'4 
i C 1 0 0 7 9  






i C l O O 8 b  
it10087 
I C 1 0 0 8 8  
C10089 
IC 10090 
r C 1 0 0 9 1  




i C 1 0 0 9 6  
C10097 
I C 1 0 0 9 8  
i C 1 0 0 9 9  
l C l O l O O  
l C l O l O l  
I C 1 0 1 0 2  
r C 1 0 1 0 3  
t C 1 0 1 0 4  
i C 1 0 1 0 5  
i C l 0 1 0 6  
IC 10 107 
i C l O l O 8  
it10109 
I C l O l l O  95 
I C l O l l l  
l C l O l l 2  
I C 1 0 1 1 3  
i C 1 0 1 1 4  
C P A C 1 0 1 1 5  
C STORE HEAT O F  REACTION AN0 ASSIGNED T FROM FORMULA CARO P A C 1 0 1 1 6  
DO 121 I = 2.4 P A C 1 0 1 1 7  
IF l I W O R O l I l . E O . I D E L H  .OR. I W O R O f I l . E O ~ I O I S l  GO TO 122 PAC 101 18 
I F  ~ I U O R O ( l l . E O . I A S H )  GO T O  122 PAC 10 1 19 
I F  l I W O R D l I I . E O . I H T 1  A S I N O T  = WOROtIl P A C 1 0 1 2 0  
I F  ( I ~ O R O l I l . E O . I H F 2 9 8 l  GO TO 125 PAC 10121 
IF (IYORO(Il.EO.IPI P I  = Y O R O ( I 1  P A C 1 0 1 2 2  
I F  l IWORO(I l . f4E. IPATOMl  GO TO 121 P A C 1 0 1 2 3  
I H E A T  = IOIS P A C 1  0124 
ASINOH = -WORO(II P A C 1 0 1 2 5  
GO TO 121 P A C 1 0 1 2 6  
P A C 1 0 1 2 7  
ASINOT = 298.15 P A C 1 0 1 2 8  
GO TO 126 PAC 10129 
122 I H E A T  = I W O R D I I  I PAC1 0130 
126 ASINOH = WORO(I1 PAC LO L3 1 
1 2 1  CONTINUE P A C 1 0 1 3 2  
I F  lIHEAT.NE.IBLNK.AND.ASINOT.EO.O.l TEST(19l=.TRUE. PAC 10 133 
I F  ~IHEAT.EO.IASH.ANO.ASINOT.EQ.O.1 T E S T 1 8 1  = .TRUE. P A C 1 0 1 3 4  
C P A C 1 0 1 3 5  
C CONVERT HEAT O F  R E A C T I O N  TO PROPER U N I T S  I F  NECESSARY. PAC 10136 
CONV = 1. P A C 1 0 1 3 7  
Do 123 I = 2.4 PAC 10 138 
IF I IWORD1I I .EO. INVCM I CONV = 2.85927 P A C 1 0 1 3 9  
I F 1 I ~ O R O ~ I l . E O . K C A L l  CONV = 1000. P A C l O  140 
I F ~ I W O R O ( I l . E O . I E V 1  CONV = 23063. P A C 1 0 1 4 1  
IFlR.GT.8.0.ANO.lIYOROlIl.EO.ICAL.OR.CONV.NE.l.ll CONV=CONV*4.184 P A C 1 0 1 4 2  
I F l I W O R D l I l . E O . J O U L E S  .AND- R.I.1-2.) CONV = 1-/4.184 P A C 1 0 1 4 3  
123 CONTINUE PAC 10 144 
ASINOH = ASINDH*CONV P A C 1 0 1 4 5  
GO. TO 104 PAC 10 146 
C PAC 10141 
C 3 0  P A C 1 0 1 4 8  
C STORE GENERAL DATA PAC 10149 
C P A C l O  150 
2 T E S T 1 1 1  = .TRUE. PAC 10 151 
GO TO 104 P A C 1 0 1 5 2  
DATA LTRON/6HOOOOOE/* PAC 10153 
13 X = A N 0  I M A S K . I Y O R O I 1 1 1  P A C 1 0 1 5 4  
I F  I IX .EO.1WOROl1 l lGO TO 20 P A C 1 0 1 5 5  
SYMBL = I A R S l 2 4 . I U D R O l 1 l l  P A C 1 0 1 5 6  173 
GO TO 21 PAC 10157 
125 I H E A T  = I A S H  
MA S K I  0716077777777/ 
23 
20 SYMBL = I A R S l 3 O . I W O R O l 1 ) )  
2 1  00 30 I N 0  = 1.NATOM 
30 CONTINUE 
33 NATOM = NATOM + 1 
I F  1NATOM.EO.O) GO TO 33 
I F  ISYMRL.EO.SYMBOL(INO1) GO T O  35 
IN0 = NATOM 
S Y M B O L I I N O I  = SYMBL 
ELEMNTI  I N O )  = I W O R O I Z I  
I F  lSYM8L.EO.LTRONl NEL = I N 0  
AGI I N 0 1  = H O R O I 2 l  
G G I I N O I  = WORO(3) 
GO TO 104 
5 OD 14 1~1 .4  
I F I I U O R O I  I).EO.IR) R=WORO(I I  
I F l I U O R D I I ) . E O . I H C K )  HCK=WOROl I l  
IF l IWOROI I ) .EO. ISCONSl  SCONST = U O R O I I I  
GO TO 104 
GO TO 104 
35 ATMWTI I N O )  = WORD1 1 )  
14 CONTINUE 
147 C A L L  EFTAPE 
C 
C STORF OPTIONS. SEE C 6 0  FOR L S T S O S  OPTION. 
205 00 206 1J=1.4 
206 CONTINUE 
2 0 9  T E S T I  1 4 1  = .TRUE. 
110 T E S T l 1 0 )  = .TRUE. 
I F (  IWnROl  IJ) .NE.IBLNK) LOATE = I W O R O I I J l  
GO TO 104 
GO TO 104 
GO TO 104 
T E S T l 2 O l  = .TRUE. 
GO TO 104 
105  CALL TEMPER I N T V T I N T V L  m T. I WORD. WORD I 
319 T E S T 1 1 2 8  = .TRUE. 
106 T E S T l 1 5 )  = .FALSE. 
GO i n  i o 4  
I T R  = 0 
N F  = 0 
E X P I I )  = 0, 
2106 T R A N G E I I )  = 0 
TCONST = 0. 
GO TO 104 
on 2106 i = i r i o  
C 
C 4 0  
C METHOD CAR0 HAS BEEN READ. 
C 
i o 7  no 2000 I = 1.4 
DATA IREAO/6HREAOIN/ .  ICOEF/4HCOEF/  
IFlIWOROlI~.EO.IREAD.OR. 1WOROIII .EO.ICOEF) ICARO = IWOROII) 
I F l I W O R O I I ) . E O . I P ) P I  = WOROI I )  
I F  I R.EO.0. 1 GO TO 150 
I F I T E S T I Z O )  .OR. ICARO.EO.IREA0) GO TO 130 
2000 CONTINUE 
C 
C STORE STANDARD T SCHEDULE I F  NO TEMP CARDS HAVE BEEN READ. 
T I 1 1  = 100.0 
T I 2 1  = 200.0 
T l 3 )  = 298.15 
T I 4 )  = 300.0 
no 131 NT = 5.61 
1 3 1  T I N T )  = T I N T - 1 )  + 100.0 
N T  =61 
C 
C CALL RECO FOR R E A O I N  OR COEF METHODS 
C CALL ATOM FOR MONATOMIC GASES 
C CALL POLY FOR OIATOMIC OR POLYATOMIC GASES 
130 I F  l ICARO.Nf . IRFA0 .AND. ICARO.NE.ICOEFl GO TO 235 
2001 CALL REGO 
GO TO 1161 
IFlNOATMS.EO.11 GO TO 148 
IFlNOATMS.GE.2) GO TO 149 
235 IFI(HCK.EO.O.1 .OR. WEIGHT.EO.0.) GO TO 150  
P A C 1 0 1 5 8  176 
P A C 1 0 1 5 9  
P A C 1 0 1 6 0  
P A C 1 0 1 6 1  
P A C 1 0 1 6 2  
P A C 1 0 1 6 3  
P A C 1 0 1 6 4  
P A C 1 0 1 6 5  
P A C 1 0 1 6 6  
PAC 10167 
PAC 10 168 
P A C 1 0 1 6 9  
P A C 1 0 1 7 0  
P A C 1 0 1 7 1  
P A C 1 0 1 7 2  
P A C 1 0 1 7 3  
PAC 10 174 
P A C 1 0 1 7 5  
P A C 1 0 1 7 6  
PAC 10177 
P A C 1 0 1 7 8  225 
PAC 10179 
P A C 1 0 1 8 0  
PAC 10 181 
P A C 1 0 1 8 2  
P A C 1 0 1  83 
P A C 1 0 1 8 4  
PAC10 185 
PAC 10186 
P A C 1 0 1 8 7  
PAC 10 188 
P A C 1 0 1 8 9  
P A C 1 0 1 9 0  
P A C 1 0 1 9 1  2 4 4  
PAC 10192 
P A C 1 0 1 9 3  
PAC 10194 
P A C 1 0 1 9 5  
PAC 10196 
P A C 1 0 1 9 7  
P A C 1 0 1 9 8  
PAC 10 199 
P A C 1 0 2 0 0  
P A C 1 0 2 0 1  
P A C 1 0 2 0 2  
P A C 1 0 2 0 3  
P A C 1 0 2 0 4  
P A C 1 0 2 0 5  
P A C 1 0 2 0 6  
P A C 1 0 2 0 7  
P A C 1 0 2 0 8  
PAC 10209 
P A C 1 0 2 1 0  
P A C 1 0 2 1  1 
PAC 10212 
P A C 1 0 2 1 3  
P A C 1 0 2 1 4  
P A C 1 0 2 1 5  
PAC 10216 
PAC 10 2 17 
PAC 102 18 
P A C 1 0 2 1 9  
P A C 1 0 2 2 0  
P A C 1 0 2 2 1  
PAC 10222 
P A C 1 0 2 2 3  
P A C 1 0 2 2 4  
PAC 102 25 
P A C 1 0 2 2 6  
P A C 1 0 2 2 7  
P A C 1 0 2 2 8  
P A C 1 0 2 2 9  295 
P A C 1 0 2 3 0  
P A C 1 0 2 3 1  
P A C 1 0 2 3 2  





















Y R I T E ( 6 . 1 5 1 1  P A C 1 0 2 3 4  
P A C 1 0 2 3 5  306 
FORMAT (5OHOERROR I N  INPUT. GO TO NEXT SPECIES. C 4 0  l P A C 1 0 2 3 6  
PAC 10237 
PAC 10238 I F  ( ICARO.EO.lFINSH1 GO TO 88 
REA0 (5 .  I I I C A R O  P A C 1 0 2 3 9  309 
FORMAT( A 6  1 P A C 1 0 2 4 0  
GO TO 152 P A C 1 0 2 4 1  
T E S T ( 1 6 1  = .FALSE. P A C 1 0 2 4 2  
L I N E S  = L I N E S  + 2 P A C 1 0 2 4 3  
CALL P A G E I O  ( L I N E S )  P A C 1 0 2 4 4  314 
GO TO 103 P A C 1 0 2 4 5  
CALL ATOM P A C 1 0 2 4 6  317 
GO TO 1160 PAC 10247 
C A L L  POLY P A C 1 0 2 4 8  320 
N I T  = N T  + 1 P A C 1 0 2 4 9  
I F  ( T E S T ( 1 6 t l  GO TO 152 
CALL P A G E I O  ( L I N E S 1  P A C 1 0 2 5 1  3 2 6  
GO TO 194 P A C 1 0 2 5 2  
P A C 1 0 2 5 3  
PAC 10254 
P A C 1 0 2 5 5  
I F  ( T E S T ( 9 1 1  GO TO 112 DEL HOO 16 
O E L H 0 0 1 7  330 WRITE (6.163) 
FORMAT(54HOCP/R~(H-HOl /RT~ANO S/R ARE NOT READY FOR OUTPUT. C 5 0  t OELH0018 
GO TO 103 O E L H 0 0 2 0  
NLAST = N T  PAC 10257 
P A C 1 0 2 5 0  ' 
P A C 1 0 2 5 8  
C CALL OELH TO CALCULATE HO I F  NECESSARY. OELH WILL CALL LEAST FOR P A C 1 0 2 5 9  
C L E A S T  SOUARES F I T  I F  O P T I O N  HAS BEEN REWESTEO. PAC 10260 
IF(NNN.LT.NLAST1 C A L L  OELH P A C 1 0 2 6 1  
C 
C C A L L  TABLES TO PUNCH F I R S T  TWO TABLES OF FUNCTIONS. 
C 
C FOR EFTAPE OPTION. CALL HFTAPE TO PUNCH EF DATA AN0 PUT DATA ON 
C 
C I F  LOGK OPTION. C A L L  LOGK TO CALCULATE OELTAH AN0 LOG K AN0 
C P R I N T  TWO TABLES OF PROPERTIES. 
1367 CALL T A B L E S  
I F  ( T E S T ( 1 0 ) )  C A L L  EFTAPE 
367 I F  ( T E S T (  1211 C A L L  LOGK 
GO TO 103 
C 
C 6 0  

















180 TEST ( 1 5 )  = .TRUE. 
00 1 8 5  I = 1.4 
I F  IIWORO4I) .EO. I H T l  GO TO 181 
I F  (IWORO(I1 .EO.ITCONS) GO TO 186 
I F  IIWORO(I1 .EO. I E X P I  GO TO 183 
I F  (IWORO(It .EO. I B L N K )  GO TO 185 
WRITE 1 6 . 1 8 7 )  IUORO(1t. UORO(1)  
1 €12.4. 29H. VALUE IGNORED. C 6 0  
187 FORMAT ( 1 H O .  A6. 3 9 H  IS A N  INCORRECT LABEL 
GO TO 185 
1 8 6  TCONST = Y O R O ( I 1  
GO TO 185 
181 I T R  = I T R  + 1 
I F I I T R  .GT. 101 GO TO 182 
TRANGEI I T R )  = W O R O ( I 1  



















































i C 1 0 2 6 2  
LC10263 335 
I C 1 0 2 6 4  
i C 1 0 2 6 5  





i C l O 2 7 l  345 
r C 1 0 2 7 2  
r C 1 0 2 7 3  
i C 1 0 2 7 4  
r C l O 2 7 5  
i C 1 0 2 7 6  
i C 1 0 2 7 7  
i C 1 0 2 7 8  
r C 1 0 2 7 9  
i C l O 2 8 0  
LC10281 
i C 1 0 2 8 2  
i t10283 
i C 1 0 2 8 4  367 
i t 1 0 2 8 5  
~ C 1 0 2 8 6  
~ C 1 0 2 8 7  
L10288 
tC 10 289 




182 WRITE (6.1841 P A C 1 0 2 9 4  382 
184 FORMAT ( 6 9 H O F I R S T  10 T'S ONLY WERE ACCEPTED FOR THE LEAST SOUARES P A C 1 0 2 9 5  
lROUTINE.  C 6 0  I P A C 1 0 2 9 6  
GO TO 185 
E X P I N F  I = YDRD(I1 
183 N F  = N F  + 1 
185 CONTINUE 
GO TO 104 
EN0 
PAC 10297 
P A C 1 0 2 9 8  
P A C 1 0 2 9 9  
P A C 1 0 3 0 0  
P A C 1 0 3 0 1  
PAC 10302 
25 
SUBROUTINE I N P U T ( L 1 N E S )  INPTOOOl  
C 1 N P T 0 0 0 2  
C70  I N P T 0 0 0 3  
C REA0 AN0 WRITE INPUT I N P T 0 0 0 4  
C INPTOOOS 
COUULIN N A U E ~ 2 l ~ C ~ 1 4 3 ~ ~ I C A R D . I Y O R D ~ 5 l ~ W O R O ~ 4 l  I N P T 0 0 0 6  
OIMENSION FMT( 12).WRO(S1 I N P T 0 0 0 7  
DATA ( lHO.A6*6X t A6*  f t ( F I T (  J I * J 1 S r 9 t  2 I f 3 * 6 H 6 X t  A 6 I N P T 0 0 0 8  
L~f~FUT~12)flHlf.FBf6HFl5~E~f~F3f6HFlS~3~f~F5f6HFl5~5tf~EBf6HEl5~E~INPTOOO9 
2f  F I Z / 6 H Z X .  12. f . F l f  6HF15.0* / .  I B f  1 H  / * F B / 6 H 9 X  t A 6  t f t INPTOOlO 
3 I S T A R T I  0 I . B f 1 H  f .A2/6H2XtA2. / iF7f6HF15.7tf  I N P T O O l l  
I F  fNAUE(1l.EO.IB.OR.ISTART.NE.O~ GO TO 901 I N P T 0 0 1 2  




9 0 4  
9 0 6  
CALL PAGE I O ( L  INES I 
I S T A R T  = 1 
WRITE ( 6 r F U T )  I C A R 0 ~ ~ I Y O R D ~ I ) t  W R D ~ I ) ~ 1 ~ 1 t 4 ~ . I W R O  
READ( 5.1 I ICARD. t IYORO( I I WORD( I I r I = L  .4l .I WORD(5 I 
FORUAT 1 2 A 6 r F 1 2 ~ O 1 A 6 ~ F 1 2 ~ 0 ~ A 6 t F l 2 . O ~ A 6 ~ F l 2 ~ O ~ I 2 ~  
00 904 I - 1.4 
J = 2*1+2  
I F  tWORD(I1.EO.O.J GO TO 9 0 2  
WROt I ) = WORD( I I 
ABSV = A B S ( U O R O ( 1 ) I  
F N T t J )  = F8 
I F  (AESV.GE.l. I F U T ( J 1  = F 7  
I F  (ABSV.GE.100. I F U T C J I  = F 5  
I F  (ABSV.GE.10000. lFUT(J) = F 3  
I F  (ABSV.LE.1.OE-31 F U T t J l  = EB 
I F  ~AU00 fABSV. l . l .EO.O.~  F U T t J I  = F L  
GO TO 904 
F U T t J )  = FB 
WRO(11 = E 
CONTINUE 
FUT (111 = A2 
IWRO = I B  
I F  C IWORD(5)  .EO.O) GO TO 9 0 6  
F l 4 T ( l l )  = F I 2  
IWRO = IWORD(5J 
WRITE (6.FMT1 I C A R O ~ ( I W O R O ( I ) .  W R O ( I ) . I ~ 1 . 4 ) . I W R O  
L I N E S  = L I N E S  4 2 
I F  fLINES.GE.551 CALL P A G E I D ( L I N E S 1  
RETURN 
EN0 
I N P T 0 0 1 3  5 
I N P T O O l 4  
I N P T 0 0 1 S  7 
I N P T O O l 6  15 
INPTOO17 
INPTOOLB 
I N P T 0 0 1 9  
I N P T 0 0 2 0  
I N P T 0 0 2 1  
I N P T 0 0 2 2  
I N P T 0 0 2 3  
I NPTOO24 
I N P T 0 0 2 5  
I N P T 0 0 2 6  
I N P T 0 0 2 7  
I N P T 0 0 2 8  
I N P T 0 0 2 9  
I N P T 0 0 3 0  
I N P T 0 0 3 1  
I N P T 0 0 3 2  
I N P T 0 0 3 3  
I N P T 0 0 3 4  
I N P T 0 0 3 S  
I N P T 0 0 3 6  
I N P T 0 0 3 7  
I N P T 0 0 3 8  6 2  
1 NPT 0039 
INPTOO4O 7 2  
I N P T 0 0 4 1  
I N P T 0 0 4 2  
26 
SUBROUTINE PAGE10 ( L I N E S )  
C 
c 80 
C P R I N T S  CHEMtCAL FORMULA AT BOTTOM OF PAGE AND S K I P S  TO NEXT SHEET. 
C 
COMMON NAME121 
SKP = ZERO 
I F  ( L I N E S  .GT. 5 7 )  SKP = S K I P  
Y R I T E  (61100) SKP. NAME(1).  N A H E ( 2 I .  NAME(11. NAME(2)  
DATA SKIP IIH I. ZERO i i n o i  
50 I F  ( L I N E S  - L T -  551 GO TO COO 
100 FORMAT I A l 1  2A6. 9 5 x 1  21161 
200 Y R I T E  (6.300) 
300 FORMAT ( 1 H 1  11/11 
L I N E S  = 4 
RETURN 
400 WRITE ( 6 . 5 0 0 )  
500 FORMAT (1H ) 
L I N E S  = L I N E S  + 1 
GO TO 50 
E N 0  





















SUBROUTINE EFTAPE EFTPOOOl 
C EFTPOOO2 
CWMON NAME( 2 1 SYMBOL(70)  .ATMWT( 7 0 )  .R*HCK. NEL ICARO. IWOROt 5).  E F T P 0 0 0 3  
1 Y O R D t 4 1 . T E S T ( 2 0 ) ~ W E I G H T ~ F O R ~ A ~ 5 ) ~ M L A ~ 5 ~ ~ B L A N K ~ E L E M N T ~ 7 O ~ s  E F T P 0 0 0 4  
2 NATOM.NT.CPR t 2 0 2 )  .HHRT(202)  .ASINOH. T ( 2 0 2 )  .ASINOT.FHRT(202)~EFTPOOO5 
E F T P 0 0 0 6  3 S t O N S T ~ N O A T M S ~ M P L A C E ~ 7 O ~ ~ L P L A C E ~ 7 O ~ ~ N M L A ~ 7 O ~ ~ N O F I L E ~  
4 SPECHvTAPE( 606 1 * PTMELT.PEX( 10) *TRANCE 10) *TCONST* NKINOs E F T P 0 0 0 7  
5 N F s L I N E S ~ I T R ~ N T M P ~ A G ~ 7 O ~ ~ G G ~ 7 O ~ s N l T s P I ~ H 2 9 B H R ~ l H E A T w J F t 5 ~  F T P 0 0 0 8  
C E F T P 0 0 0 9  
C 9 0  
C 
EOUIVALENCE f NAM*AME) 
INTEGER SYMBOL. ELEWNTs FORMLA 
LOGICAL TEST 
C 
C TEST(L0)- -PUNCH EF OATA AN0 PUT DATA ON TAPE FOR REACTANT Y I T H  
C EFTAPE CARO I N  S P E C I F I C  DATA. 
I F  t .NOT.TEST( LO)) GO TO 147 
REWIND 3 
NOF = N O F I L E  + 1 
CALL S K F I L E ( 3 r  NOF I 
DATA IH0/5HHZERO/.  M E L T P T / 6 H M L T P T / . l T N O / 6 H  T NO./ 
DATA I HFOAT/6HEFDATA/.  I BLANK/L  H / *  I E/6HOOOOOE/ 
IUOROl l l =  NAME( 1) 
WORDIZ) = ASINOH 
YORO(3)  = PTMELT 




C PUNCH AN0 L I S T  EFOATA CARD. 
PUNCH IHFDATw NAME ( 1) * I  HO. AS1 NOH .MELTPTv PTMELT v I T N O t  NT 
WRITE ~ ~ ~ ~ ~ I I H F O A T ~ N A M E ~ ~ ~ ~ I H O ~ A S I N O H ~ M E L T P T I P T M E L T ~ I T N O ~ N T  
9 9  
9 FORMAT t 2 A 6  1 2 x 7  2 ( A 6 1  F12.4 1 v A 6  t 1 1 2 )  
10 FORMAT( lHO.A6r6X.A6 .15X.216X*A6rF15 .4116X.A6 .  I 1 5 1  
NAM = IYOROtL) 
KX = 0 
C 
C ARRANGE DATA FOR PUNCHING B INARY EF DATA CARDS. EACH B INARY CARO 
C CONTAINS THE FORMULA (3RO WORD P H Y S I C A L L Y )  AN0 7 SETS OF T. 
C (H-HO)/RT AN0 - (F -HO) /RT  VALUES. 
DO 191 I = 1.3 
00 191 L X  = 1. NT 
KX = KX + 1 
T A P E t K X )  = AME 
KX = KX + 1 
I F  (I.EO.2) T A P E t K X )  = H H R T ( L X )  
I F  (I.EO.3) T A P E t K X I  = F H R T t L X )  
I F  l W O O ( K X * 2 2 I - N E . l )  GO TO 190 
190 I F  tI.EO.1) T A P E t K X )  = 1 t I . X )  
191 CONTINUE 
C 





C REA0 I N  B INARY EF DATA AND PUT ON TAPE 3 
C ORDER OF YORDS ON TAPE FOR E4CH ELEMENT OR A T O W -  
C 1. NAME t I W O R D ( 1 )  ON EFOATA CARO) 
C 2. HZERO tWOROt2)  ON EFOATA CAR01 
C 3. MELTPT INOROI3) ON EFOATA CARD) 
C 4. T NO. ( U O R O f 4 )  ON EFOATA CARD) 
C 5. TEMPS (NEXT T NO. OF WORDS) 
C 6. HHRT (NEXT T NO. OF WORDS) 
c 7. FHRT (NEXT T NO. OF WORDS) 
CALL BCOUMP ( T A P E ( l ) . T A P E I K X ) I  
147 N = 3.0*WORDt4) + 0.1 
NX = N + N / 2 1  
I F  tMODIN.Zl).NE.O) NX=NX+ l  
C 
C BCREAO IS MAP ROUTINE FOR READING B INARY CARDS. 
I F  (.NOT.TEST(lOIl CALL BCREAO (TAPE(A1 .  T A P E ( N X 1 )  
NAM = I W O R D t 1 )  
I X  = 0 
Ofl 999 IXXX1.NX 
I F  ITAPEtIXX).EO.AME) GO TO 999 
I X  = I X  + 1 
TAPE[ I X )  = TAPE( I X X )  
999 CONTINUE 
EFTPOOlO 
E F T P O O l l  
E F T P 0 0 1 2  
E F T P 0 0 1 3  
E F T P 0 0 1 4  
E F T P O O l 5  
E F T P 0 0 1 6  
E F T P 0 0 1 7  
EFTPOOl8  
E F T P 0 0 1 9  
E F T P 0 0 2 0  
E F T P O O 2 l  
E F T P 0 0 2 2  
E F T P 0 0 2 3  
EFTPOO24 
E F T P 0 0 2 5  
E F T P 0 0 2 6  
E F T P 0 0 2 7  
EFTPOO2B 
E F T P 0 0 2 9  
E F T P 0 0 3 0  
E F T P 0 0 3 1  
E F T P 0 0 3 2  
EFT P 0 0 3 3 
E F T P 0 0 3 4  
E F T P 0 0 3 5  
E F T P 0 0 3 6  
E F T P 0 0 3 7  
E F T P 0 0 3 8  
E F T P 0 0 3 9  
E F T P 0 0 4 0  
E F T P 0 0 4 1  
E F T P 0 0 4 2  
E F T P 0 0 4 3  
EFTPOO44 
E F T P 0 0 4 5  
E F T P 0 0 4 6  
E F T P 0 0 4 7  
E F T P 0 0 4 8  
E F T P 0 0 4 9  
E F T P 0 0 5 0  
E F T P 0 0 5 1  
E F T P 0 0 5 2  
E F T P 0 0 5 3  
E F T P 0 0 5 4  
EFTPOO55 
E F T P 0 0 5 6  
E F T P 0 0 5 7  
E F T P 0 0 5 8  
E F T P 0 0 5 9  
E F T P 0 0 6 0  
EFTPOO6l  
E F T P 0 0 6 2  
E F T P 0 0 6 3  
E F T P 0 0 6 4  
EFTPOO65 
EFTPOO66 
E F T P 0 0 6 7  
E F T P 0 0 6 8  
E F T P 0 0 6 9  
E F T P 0 0 7 0  
EFTPOO7l  
EFTPOO72 
E F T P 0 0 7 3  
E F T P 0 0 7 4  
E F T P 0 0 7 5  
E F T P 0 0 7 6  
E F T P 0 0 7 7  
EFTPOOlB  
E F T P 0 0 7 9  
EFTPOOBO 





4 0  
4 8  
.28  
... --... . . - . . . .  I , ..,,, ,.,. 
I F  (N.EO.IXI GO TO 1100 
WRITE ( 6 . 1 1 0 5 1  NAM 
RETURN 




C WRITE E F  DATA ON TAPE. 
1100 N O F I L E  = N O F I L E  + 1 
WRITE ( 3 )  IWORD'(1I. WORD(2). WORO(3). WORDi4) 
U R I T E ( 3 )  ( T A P E (  1 l . I = l . N l  
EN0 F I L E  3 - 
1. 
C T E S T ( 1 l - L I S T E F  CAR0 HAS BEEN READ. THUS L I S T  E F  8 
I F  (.NOT.TEST(l I )  GO TO 210 
WRITE (6r2011 
201 FORRAT(llX.LHT.13X.BH H-HO/RT.lZX.lOH-~F-HO)/RT. 
l O f R T ~ 1 2 X ~ l O H - ~ F ~ H O l / R T ~  
L I N E S  L I N E S + l  
N 3  = N / 3  
DO 205 I = 1.N3.2 
J = N 3 + I  
K = 2 * N 3  + I 
L I N E S  = L I N E S + l  






E F T P 0 0 8 7  
EFTPOOBB 
E F T P 0 0 8 9  
E F T P 0 0 9 0  
E F T P 0 0 9 1  
E F T P 0 0 9 2  
E F T P 0 0 9 3  
EFTPOO94 
NARY DATA. EFTPO(I9S 
EFTPOO96 
E F T P 0 0 9 7  
9X.lHT.13X.8H H-HEFTPOD98 
E F T P 0 0 9 9  
EFTPOlOO 
E F T P O l O l  




202 FORUAT ( F15-3.2F20.8.8X.F 15.3.2F20.8) E F T P O l O 7  
210 INDEX = 1 EFTPOlOB 
C 1 3 0  E F T P O l O 9  
I F  (TESTllOIl GO TO 146 EFTPO 110 
T E S T ( 7 )  = .TRUE. E F T P O l l l  
E F T P O l l Z  ICARO = IWORD(1 I  
IWORD(1)  = I B L A N K  EFTPOL13 
C EFTPO 114 
C TEST(7 l - -SUBROUTINE IDENT I S  B E I N G  CALLED FROM EFTAPE. E F T P O l l S  
C SUBROUTINE IOENT I S  CALLED TO DETERMINE NUMBER OF ATOMS I N  REACTANT- E F T P 0 1 1 6  
C 
205 ~ R I F E i 6 ~ 2 0 2 l T A P E ~ I l ~ T A P E ~ J l ~ T A P E ~ K ~ ~ T A P E ~ I + l l ~ T A P E ~ J + l l ~ T A P E ~ K + l l  E F T P O l O L  
CALL IOENT 
NAME(1) = I B L A N K  
146 I F  (NOATMS.EQ.l.AND.TEST(41 I GO TO 141 
C 
C NATOM = NUMBER OF REACTANT S P E C I E S  ON TAPE AT T H I S  T I M .  
C SYMBOL = ATOMIC SYUBOL = F O R M L A t l I  FROU IDENT. 
C ELEUNT = ASSIGNED REFERENCE FORU 
C NMLA = NUMBER OF ATQMS I N  ELEMENT. 
C MPLACE = P O S I T I O N  OF MONATOMIC REACTANT S P E C I E S  ON TAPE. 
C LPLACE = P O S I T I O N  OF ASSIGNED REFERENCE REACTANT ON TAPE. 
C 
I F  (NATOU.EO.0) GO TO 142 
DO 140 INDEX = 1.NATOM 
I F  ~ICARD.EO.ELEMNTIINDEXll GO TO 151 
DO 150 I N D E X  = 1,NATOM 
I F  ~ F O R M L A ~ l I . E O . S Y M B O L ( I N D E X ~ l G 0  TO 152 
140 CONTINUE 
150 CONTINUE 
142 NATOM = NATDM + 1 
INDEX = NATOM 
151 SYMsOL ( I N D E X )  = FORMLA(1) 
1 5 2  N M L A ( I N 0 E X I  = M L A I l l  
L P L A C E t  I N D E X )  = N O F I L E  
GO TO 163 
C 
C REACTANT SPECIES I S  MONATOMIC GAS. 
141 I F  (NATOM.EO.01 GO TO 161 
DO 160 I N D E X  = 1.NATOM 
I F  (FORMLA( l I .EO.SYMBOL(INOEXl I GO TO 162 
160 CONTINUE 
161 NATOU = NATOM + 1 
SYMBOLtNATOMl = FORMLA(11 
INDEX = NATOM 
162 M P L A C E ( I N 0 E X I  = N O F I L E  
C 
C NEL = I N D E X  FOR P O S I T I O N  OF ELECTRON &AS I N  ARRAYS OF DATA FOR 
C REACTANT SPECIES. 
I F  (FORMLA(1 l .NE. IE l  GO TO 163 
NEL = INOEX 
N M L A t N E L I  = 1 
L P L A C E t N E L l  = MPLACEINEL)  
163 I F  (TEST(  1011 RETURN 
00 145 113.7 




E F T P O l l B  
EFTPOL19 
EFT PO 120 
E F T P O l Z l  
E F T P 0 1 2 2  
E F T P 0 1 2 3  
E F T P 0 1 2 4  
EFTPOL25 
E F T P 0 1 2 6  
E F T P 0 1 2 7  
EFT P O 1 2 8  
E F T P 0 1 2 9  
EFTPO 130 
E F T P 0 1 3 1  
E F T P 0 1 3 2  
E F T P 0 1 3 3  
E F T P 0 1 3 4  
E F T P 0 1 3 5  
EFT PO 136 
E F T P 0 1 3 7  
E F T P 0 1 3 B  
E F T P 0 1 3 9  
E F T P 0 1 4 0  
E F T P 0 1 4 1  
E F T P 0 1 4 2  
E F T P 0 1 4 3  
E F T P O 1 4 4  
EFTPO145 
E F T P 0 1 4 6  
E F T P 0 1 4 7  
EFT PO 148 
E F T P 0 1 4 9  
E F T P 0 1 5 0  
E F T P O l 5 l  
E F T P 0 1 5 2  
E F T P 0 1 5 3  
E F T P 0 1 5 4  
E F T P 0 1 5 5  
E F T P 0 1 5 6  
E F T P O L 5 7  
E F T P O l S B  
EFTPO159 
EFTPOL60 











I -  
I I I I I I I I I I  I 1  I I I 
SUBROUT I N €  IOENT IOENOOOl  
C FROM FORMULA. DETERMINE-- IOENOOO2 
C 11 PHASE OF SPECIES. I O E N 0 0 0 3  
C 2)  NUMBER OF ATOMS I N  SPECIES. I O E N 0 0 0 4  
C 3 1  MOLECULAR WEIGHT. I O E N 0 0 0 5  
C 41 I F  ION. NUWBER OF ELECTRONS AOOEO OR SUBTRACTED FROM NEUTRAL I O E N 0 0 0 6  
C SP E t  I ES . I O E N 0 0 0 7  
COMMON N A M E ~ 2 l ~ S Y M B O L ~ 7 0 l ~ A T M W T ~ 7 O ~ ~ R ~ H C K ~ N E L  ~ I C A R O ~ I W O R O ( 5 ~ ~  IOENOOOB 
1 W O R O ( 4 ) . T E S T l 2 0 ) ~ W E I G H T ~ F O R M L A ~ 5 ~  r M L A ( 5 ) r N P L U S . € L E M N T 0 1  I O E N 0 0 0 9  
2 N A T O I I ~ N T ~ C P R ~ 2 O ~ ~ ~ H H R T ~ 2 0 2 ~ ~ A S I N O H ~ T ~ 2 0 2 l ~ A S I N O T ~ F H R T ~ 2 0 2 ~ r I O E N O 0 1 0  
3 S C O N S T ~ N O A T M S ~ M P L A C E o 1 L P L A C E ~ 7 O ~ ~ N M L A ~ 7 O ~ ~ N O F I L E ~  I O E N O O l l  
4 S P E C H ~ T A P E ~ 2 0 2 r 3 ~ r P T M E L T ~ P E X ~ l O ~ ~ T R A N G E ~ l O l ~ T C O N S T ~ N K I N O ~  I O E N 0 0 1 2  
5 N F ~ L I N E S ~ I T R ~ N T M P ~ A G ~ 7 O l ~ G G O . N I T . P I  . H ~ ~ B H R . I H E A T I J F ( ~ I  I O E N 0 0 1 3  
DATA I B L N K / l H  /~IPLUS/6H00000+/~MINUS/6HOOOOO~/~LFTPAR/6HOOOOO~/~IOENOOl4 
1 IGAS/6H00000G/~LI0 /6HOOOOOL/  I O E N O O l 5  
IOENOO16 C 
C 140 I O E N 0 0 1 7  
C 1OEN001B 
10ENOO19 INTEGER SYMBOL. ELEMNTt  F O R M A  
L O G I C A L  TEST 
D I M E N S I O N  I A ( 1 2 l ~ N O ( l l ) ~ N U M ( l l )  
00 49 I = 1.11 
N O ( 1 )  - 0 
49 N U M ( I 1  = 0 
C 
C PUTS EACH ALPHANUMERIC CHARACTER OF FORMULA I N  I A  ARRAYiRT AOJUSTEOI  
C 
NAME(1)  = ICARO 
NAME(21 = IWORO(1) 
J= 1 
00 50 1=1.2 
W 51 K l l . 6  
I A ~ J ~ ~ I A R S ~ 3 0 r N A M E ~ I l l  
NAME( I 1  = I A L S ( 6 v N A M E (  I 1 )  
5 1  J=J+l 
50 CONTINUE 
N A M E ( l 1  = ICARO 
N A M E I 2 )  = IWORO(11 
C 
C 1 5 0  






5 3  
60 
C 
C I F  
54 
5 5  
56 
5 7  
t 
INO=NUMBER OF NUMBERS 
N U M ( I l =  L O C A T I O N  OF NUMBERS I N  I A  ARRAY 
N O ( I I =  NUMBERS I N  THESE LOCATIONS 
WE IGHT=O. 0 
I N 0  = 0 
IONNUM = 0 
00 60 N = 2.12 
I F  ( I A ( N l . L E .  9 )  GO TO 53 
I F  ( 1 A ~ N I . E O . I B L N K I  GO TO 54 
I F  (IA(N).EO.IPLUS) IONNUM = IONNUM - 1 
I F  ( IA(N).EO.MINUS) IONNUM = IONNUM + 1 
GO TO 60 
I F  1 1NO.NE.O.AND.N.GT.NUMt I N 0 ) + 3 )  GO TO 5 5  
I N 0  = I N 0  + 1 
N O I I N O )  = I A f N )  
N U M I I N O )  = N 
CONTINUE 
NO NUMBERS ( INO=O)  PROBABLY NOT A FORMULA CARD. RETURN 
I F  (1NO.NE.OI GO TO 57 
WRITE (6.56) 
FORMAT (45HOERROR I N  ABOVE CARD, IGNORE CONTENTS. C 1 5 0  
RETURN 
I F  ( IONNUN .E0.01 GO TO 61  
C I O N I C  SPECIES. CALCULATE CORRECTION TO MOLECULAR WEIGHT. 
T E S T ( 3 1  = .TRUE. 
FIONNO = IONNUM 
WEIGHT = FIONNO * ATMWTtNEL) 
I F  ( N E L  .NE.O) GO TO 66 
WEIGHT = 0 
WRITE (6.700) 
GO TO 66 
700 FORMAT (30HOELECTRON DATA MISSING.  C 1 5 0  
I O E N 0 0 2 0  
I O E N 0 0 2 1  
I DEN0022 
I O E N 0 0 2 3  
I O E N 0 0 2 4  
I OEN0025 
I OEN0026 
I O E N 0 0 2 7  
IOENOO2B 
I O E N 0 0 2 9  
I O E N 0 0 3 0  
I O E N 0 0 3 1  
I O E N 0 0 3 2  
I D E N 0 0 3 3  16 
I O E N 0 0 3 4  19 
I O E N 0 0 3 5  
I O E N 0 0 3 6  
I D E M 0 0 3 7  
I D E N 0 0 3 8  
I O E N 0 0 3 9  
I O E N 0 0 4 0  
IDEM0041 
I O E N 0 0 4 2  
IOENOO43 
I D E N 0 0 4 4  
I O E N 0 0 4 5  
I O E N 0 0 4 6  
I O E N O 0 4 7  
I D E N 0 0 4 6  
I DEN0049 
I O E N 0 0 5 0  
I O E N 0 0 5 1  
I O E N 0 0 5 2  
I O E N 0 0 5 3  
1 0 E N 0 0 5 4  
I O E N 0 0 5 5  
I O E N 0 0 5 6  
I DEN0057 
I O E N 0 0 5 6  
1 OEM0059 
I D E N 0 0 6 0  
I O E N O O d l  
TO PAC1. I O E N 0 0 6 2  
I OEM0063 
IOENOO64 62 
) I O E N 0 0 6 5  
1 0 E N 0 0 6 6  
I D E N 0 0 6 7  
I DE NO0 68 
1 0 E N 0 0 6 9  
I D E N 0 0 7 0  
I D E N 0 0 7 1  
I O E N 0 0 7 2  
I O E N 0 0 7 3  
I D E N 0 0 7 4  
I O E N 0 0 7 5  70 
I O E N 0 0 7 6  
I O E N 0 0 7 7  
30 
61 NEXT = NUMt I N 0 1  + 1 
C 












IF ( IA(NEXT) .EO. IBLNK .OR. IA(NEXT* l I .EO. IGAS)  GO TO 66 
I F I  IA(NEXT).EO.LFTPAR) GO TO 165 
W R I T E  ( 6 . 6 5 )  
FORMAT(42H ERROR I N  NAMESGO TO NEXT SPECIES. C 1 5 0  1 
T E S T ( 1 6 )  = .TRUE. 
RETURN 
I F (  I A (  N E X T + l )  .EO.LI 0 1 TEST f 51=. TRUE. 
I Ff  I A I  NEXT+L ) .NE .L EO ) T E S T 1  6 )  =. TRUE. 
NPLUS - NEXT + 1 
GO TO 67 
TEST(4)=.TRUE. 
i = l  
J = 1  
K = O  
FORMLA(LRN) = 0 
M L A ( L H N 1  = 0 
NOATMS = 0 ' 
00 100 L H N  = 1.5 
C STORE EACH ATOMIC SYMBOL IN F O R M L A l j ) .  NUMBER OF ATOMS I N  MLA(J).  
69 I F ( N U M ( I I . E O . ( K + 2 ~ 1 ) 6 0  TO 70 
IF(NUM(I) .NE.(K+3))GO TO 64 
FORMLA1 J I = I A L S ( 6 .  I A l K + l ) l + I A ( K + 2 B  
GO TO 7 1  
70 F O R M L A r J ) = I A ( K + l )  
71 IF~~NUM(I~+l~.EO.NUM(Itl.~~GO T  72 
H L A ( J ) = N O ( I )  
GO TO 73 
I=I+1 
72 MLA( J ) = l O * N O (  I ) + N O ( I + l I  
C 
C NOATMS = TOTAL NUM8ER OF ATOMS I N  MOLECULE. 
7 3  NOATMS=NOATMS + M L A t J )  
I F ( T E S T ( 7 ) )  GO TO 65 
C 
C F I N O  ATOM FORMULA I N  SYMBOL TAELE 
C 
OU 14 L = l r N A T O M  
IF(FORMLA~J).EO.SYM8OL(L~~GO TO 91 
74 CONTINUE 
90 WRITE (6.92) 
92 FORMAT (5OHOATOM CAR0 M I S S I N G  OR FORMULA INCORRECTt  C 1 6 0  
WEIGHT = 0 
GO TO 65 
C 
C CALCULATE MOLECULAR WEIGHT. 
C <TORE P O S I T I O N  OF ELEMENT OATA I N  JF. 
91 J F t J I  = L 
75 WEIGHT=WEIGHT+ATMWT(L~*FLOAT(MLA(J~~ 
85 I F 1  INO.LE.1) GO TO 86 
I F  fATMWTtL).EO.O.O) GO TO 90 
K=NUM( I ) 
I=I+l 
J=J+l 
GO TO 69 
J = J + l  
JFtJ) =NEL 
F O R M L A t J )  = S Y M B O L t N E L I  
M L A ( J 1  = IONNUM 
68 I F  (.NOT.TEST(31 .OR. NEL.EO.0) GO TO 900 
C 
C N K I N O  = NUMBER OF ELEMENTS I N  FORMULA. 
900 N K I N O  = J 
I F  I T E S T ( 3 )  .AND. N E L  .EO. 0 )  WEIGHT = 0. 
I F  1 .NOT.TESTf 711 RETURN 
N A M E ( 1 )  = I B L N K  
RETURN 
E N 0  
I D E N 0 0 7 6  
I O E N 0 0 7 9  
IOENOOEO 
IOENOO61 
I D E N 0 0 6 2  
I O E N 0 0 6 3  
I O E N 0 0 6 4  E4 
IOENOOBS 
I O E N 0 0 6 6  
I O E N 0 0 6 7  
I DEN0088 
I O E N 0 0 8 9  
I D E N 0 0 9 0  
IOENOO91 
I O E N 0 0 9 2  
I D E N 0 0 9 3  
IOENOO94 
I OEN0095 
I D E N 0 0 9 6  
I O E N 0 0 9 7  
I O E N 0 0 9 8  
I O E N 0 0 9 9  
IOENOlOO 
I O E N O l O l  
I OENOlO2 
I O E N O l O 3  
I DEN0 104 
I OENOIOS 
I OENO 106 
I O E N O L 0 7  115 
I O E N O L 0 6  
I O E N O l O 9  
I O E N O l l O  
I OENOl  11 
I D E N 0 1 1 2  
I OENOl  13 
I O E N O l l 4  
I DEN0 115 
IOENO 116 
I D E N 0 1 1 7  
I O E N O 1 1 6  
I D E N 0 1 1 9  
IOENOLZO 
I D E N 0 1 2 1  
I OEN0122 
I O E N 0 1 2 3  
I O E N 0 1 2 4  
I O E N O l 2 5  151 
1 I O E N 0 1 2 6  
I O E N 0 1 2 7  
I D E N 0 1 2 8  
I D E N 0 1 2 9  
I O E N O l 3 O  
I OENOl  31 
I O E N 0 1 3 2  
I O E N 0 1 3 3  
I O E N 0 1 3 4  
I D E N 0 1 3 5  
I O E N O 1 3 6  
I O E N O l 3 7  
I O E N 0 1 3 8  
I O E N 0 1 3 9  
I OENO 140 
I D E N 0 1 4 1  
I D E N 0 1 4 2  
I O E N O 1 4 3  
I O E N 0 1 4 4  
I O E N O 1 4 5  
I O E N 0 1 4 6  
I OENO 147 
I DEN0 146 
I D E M 0 1 4 9  
I O E N O l S O  
I O E N O l 5 1  
I O E N 0 1 5 2  
31 
I l l  lll11l1 I I1 I1 I I I1 
SUBROUTINE TEUPER(NT.TINTVL. T.IWORO.WOR0) 
C 
C STORES T SCHEOULE I N  T ARRAY FROU OATA ON TEUP CARDS. 
C NT = NUUBER OF TEMPERATURES 
C T I N T V L  = I VALUE ON TEUP CARO. PRESERVED I F  LAST VALUE ON CARO SO 
C I T  W I L L  BE A V A I L A B L E  FOR USE WITH DATA ON NEXT TEMP CARO. 
C 
C 1 7 0  
C 
OATA 
01 MENS I O N  
103 00 1 2 0  Jsl.4 
I F ( I W O R O (  J l  .EO.IBLANK) GO TO 120 
IF( IWORO(J1.EO. IT)  GO TO 1 2 1  
I F  ( I Y O R O ( J ) . E O . I )  GO TO 1 2 2  
IT/lHT/. I / l H I  / e  I B L A N K / 0 6 0 6 0 6 0 6 0 6 0 6 0 /  
T ( 2 0 2  1. I UORO (5 8 rUORO(4)  
124 WRITE ( 6 . 1 2 3 )  
123 FORUAT(35HOERROR I N  LABELS ON TEUP CARD. C 1 7 0 )  
GO TO 139 
1 2 2  I F  fNT.GT.01 GO TO 1 2 5  
GO TO 1 2 4  
1 2 5  T I N T V L  = WOROfJ) 
GO TO 120 
1 2 1  IF (NT.EO.01 GO TO 126 
I F  (TINTVL.EO.O.0) GO TO 1 2 7  
131 I F  fT(NT).GE.(298,15-.00Ol~l GO TO 1 2 8  
IF ( (T(NT)+TINTKI.GT.(298.15+.0001~1 GO TO 1 2 9  
1 2 8  NT = N T + l  
I F  (NT.GT.2021 GO TO 1140 
T t N T )  = T ( N T - l ) + T I N T V L  
130 I F  ~TfNTl.GE.~WOROfJ~-.OOOll~ GO TO 141 
GO TO 131 
141 T I N T V L  = 0.0 
GO TO 120 
129 NT = N T + 1  
T f N T )  - 298.15 
NT = N T + 1  
1 2 6  
127 




C l e o  
1140 
140 
T ( N T )  = T ( N T - 2 ) + T I N T V L  
GO TO 130 
NT = 1 
T f N T )  = HORO(J)  
GO TO 120 
I F  (T(NTl.GE.(298.15-.0OOl~l GO TO 1 3 2  
I F  f H O R O ( J t  .GT.(298.15+.0001l I60 TO 133 
NT = N T + 1  
I F  (NT.GT.2021 GO TO 1140 
T f N T )  = WORO(J) 
GO TO 120 
NT = N T + 1  
T ( N T t  - 298.15 
GO TO 132 
CON1 INUE 
RETURN 
NT = 2 0 2  
WRITE 1 6 . 1 4 0 )  
FORUAT(41HONUMBER OF TEMPERATURES EXCEEDS 2 0 2 1  C l B O l  
RETURN 
C 
C TEUP CARO IS BLANK--USE STANDARD TEUPERATURE RANGE 
C 
139 IWORO( 1) = IT 
WORD( 1) = 100.0 
IWOROf 2 )  = I 
WORO(2) = 100.0 
I W O R O l 3 )  = I T  
WORO(3)  = 6000.0 
GO TO 103 
EN0 
TEMPO001 
T E U P 0 0 0 2  
TEMP0003 







TEUPOOl5  17 
TEMP0016 
TEMPO017 
T E U P 0 0 1 8  












T E M P 0 0 3 1  
T E U P 0 0 3 2  
TEMP0033 




T E U P 0 0 3 8  
TEMP0039 









T E U P 0 0 4 9  
TEMP0050 
TEMPO051 







T E U P 0 0 5 9  
T E U P 0 0 6 0  
T E U P 0 0 6 1  
TEMP0062 
T €UP0063 












COMMON N A M E ~ 2 1 ~ S Y M B O L 1 7 0 ~ ~ A T M ~ T l 7 O ~ ~ R ~ H C K ~ E L E C T R ~ l C A R O ~ l ~ O R O l S ~ ~  RECOOOOS 
1 U O R O l 4 l ~ T E S T l 2 0 ~ ~ Y E I G H T ~ F O R M L A l 5 l ~ M L A I 5 ~ ~ 8 L A N K ~ E L E M N T ~ 7 O ~ ~  REC00006 
2 N A T O ~ r N T ~ C P R ~ 2 0 2 ~ ~ H H R T ~ 2 O 2 l ~ A S l N O H ~ T l 2 O 2 l ~ A S I N O T ~ F H R T ~ 2 O 2 ~ ~ R E C O O O O 7  
3 S C O N S T ~ N O A T M S ~ M P L A C E ~ 7 O ~ ~ L P L A C E ~ 7 O ~ ~ N M L A l 7 O ~ ~ N O F l L E ~  RECOO008 
4 S P E C H ~ T A P E l 2 0 2 ~ 3 ~ ~ P T M E L T ~ P E X l 1 0 ~ ~ T R A I * ; E l 1 0 l ~ T C O N S T ~ N K I N O ~  RECOO009 
5 N F I L I N E S ~ I T R ~ N T ~ P ~ A G ~ ~ O ~ . G G ~ ? O ~ ~ N I T ~ P I ~ H ~ ~ B H R  RECOOOlO 
CUMON / P C H / L E V E L ~ N F 1 ~ N F Z ~ C 1 9 ~ 1 5 1 ~ T C ~ 1 0 1 .  NTC.NEXILOATE.NNNINLAST RECOOOIl 
RECOOOlZ 
DIMENSION EX( 15)  
LOGICAL TEST. TSTREOITSTCO 
EOUIVALENCE (ANvNNI 
DATA IT /ZHT I .  IBLNK /lH /. IE /6HOOOOOE/r 
1 I C  16H00000Cl.  IPNCH ILHTPUNCHI. l H H l  16HCHHO1R1s 
2 IHHZC /6HCHHO/R/. I H R  14HCHIRI. ISRC /4HCS/R/. 
3 MASK 107760777777771. IREOUC16HREOUCEl 







OATA ICC. IHHO. IHHZ. IFHO. IFHZ. IS. IHHOT. IHHZT. TFHOT. IFHZT. 
1ICPR. IHHORTi IHHZRT. IFHORT. IFHZRT. I S R  IZHCP. 4HH-HO. 
24HH-HZ. SH-F-HO. 5H-F-HZ. 1HS. 6HH-HOIT. 6HH-H2/T. 6H-FHOIT. 
36H-FHZIT. 4HCP/R. 6HH-HORT. 6HH-tlZRT. 6H-FHORT. 6H-FHZRT. 3HSIRI .  
4 IH29H0/6HH298HO/~IH29H0/6HH298HO/~IOELH/6HOELTAH/~IOELS 
5 /6HOELTAS/~ICOEF/4HCOEF/. MP16HMELTPT/. 
6 IHM)/4HH-HO/~IHHOT/6HH-HO/T/~IHHORT/6HH-HORT/~IFHO15H-F-H01~ 
7 IFHOT16HFHO/T/.1FHOR1/6H-FHORTI 
IF fLEVEL.NE.1) LEVEL=LEVEL+l 
I N I T I A L I Z E .  N I T  IS INDEX FOR NEXT T A N 0  CORRESPONDING FUNCTIONS. 
NTT = N I T  
TT = T tN IT -11  
HHRTI NTT I = 0. 
FHRTINTT) = -1.0 
TJ1 = T t N I T )  
TJZ = T f N T )  
TSTCU - .FALSE. 
H298HO = 0. 
TSTREO - .FALSE. 
STORE INFORMATION FROM METHOD CARD. 
00 2200 I = 1.4 
IFlIYOROIII.EO.IH29HO.OR.l~OROl~~.EO.IH29HOl H298HO = WOROII) 
I F  I IUOROII ).EO.IOELHl 60 TO 2155 
I F  IIYORO~I~.EO.IOELSI 60 TO 2150 
IF  1IYORD~lt .EO.ICOEF~ TSTCO = .TRUE. 
I F  REOUCE. LABEL, COEFFICIENTS ARE FOR CP/R. 
I F  lIYOROlIl.EO.IREOVt~TSTREO-.TRUE. 
I F  (IWORO(I).EO.MP) P T M L T  = YOROIII 






































~ OELTAH OR DELTAS FOR HEAT OF TRANSITION. CALCULATE H-HOIRT AN0 RECOO056 
C -IE-HOI/RT FOR NEY PHASE. RECOOOS? 
RECOOO5B 2150 Y O R D I I )  = YOROIII*TT 
2155 IFfNIT.GT.1) GO TO 2156 REC00059 
TEST( 168= .TRUE. 
WRITE1 6.2154) 
2 1 5 4  FORMAT147HOT FOR TRANSITION UNKNOYN. GO TO NEXT SPECIES. ) 
RETURN 
FHRTINTTI = FHRTtNIT-1) 





lF(H298HR.EO.0.1 H29BHR = H288HOIR 
I F 1  IHHRTINTT~.EO.O.~.OR.HHRT~NITI.EO.HHRT~NIT-l~~ GO TO 9 
NLAST N IT -1  
C 
C 
C LSTSOS OR PUNCHED COEFFICIENTS FOR PREVIOUS PHASE. 
I F  THERE HAS BEEN A HEAT OF TRANSITION. CALL OELH TO CHECK FOR 
CALL: OELH 
NNN = N I T  
NLAST = NT 
L €VEL* 1 
9 00 10 I = LEVEL.9 
00 10 J = 1. 15 
10 C1I.J) = 0.0 
NEX = 0 
NOTs = 0 
NOT 0 
J T  = 0 
NFIRST = 0 
NYORb = 1 
I F  (NFIRST .NE. 01 GO TO 100 
C 
5 0  CALL INPUT I L I N E S I  
C 
C I N I T I A L I Z E  FOR F IRST CARD. 






































HCOEF 3. 0.0 
SCOEF = 0.0 
C 
C I F  CC 1-6 NOT = TO CC 1-6 PREVIOUS CARO. GO TO 210 (C240). 
100 I F  (ICARO .NE. NSUB) GO TO 210 
102 I F  (TSTCO.ANO.NFIRST.NE.0) GO TO 3000 
NFIRST = NFIRST+l 
IOU1 = 0 
00 410 I = 1.4 
I F  (IUORO(1) .EO. I T  ) GO TO 15 
IOU1 = IT 
410 CONTINUE 
11 WRITE (6.12) IOU1 
12 FORMAT (31HOOATA CARO YLS SKIPPED BECAUSE A6.24HVALUE MAS 
I. C200)  
13 LINES = L I N E S  + 2 















IF TWO CONSECUTIVE T LABELS* ASSUME COEFFICIENTS. GO TO 3000 
15 I F  (IUORO(I+11.EO.IT) GO TO 3000 
TT = YOROI  1 )  
RT = R*TT 
I F  (11 .EO. 0.0 .OR. TSTCO) GO TO 30 
CHECK FOR CP. 
00 20 I = 1.4 
I F  (IYORO(1) .EO. I C P )  GO TO 2 2  
I F  (IYORO(I) .EO. ICPRIGO TO 2 4  
2 0  CONTINUE 
IOUT = ICP 
GO TO 11 
GO TO 30 
2 2  CPR(NTT8 = UORO(I)/R 
2 4  CPRINTT) = VOROIII 
CHECK FOR ENTHALPY. SKIP I F  CALCULATE0 FROM OELTAH- 
30 IFIlHHRT(NTTl.NE.O.~.ANO.NFIRST.EO.1) GO TO 9 4 9 1  
00 40 I = 1.4 
I F I I Y O R D I  I).EO.IHHO ) I Y O R O ( 1 )  =IHHO 
MISSING 
(C230) .  
1 IHHORT) GO TO 60 
I F  (IYORO(I).EO.IHH2 .OR. IYORO(II.EO.IHHZT .OR. IYORO(I)-EO- 
1 IHH2RT) GO TO 850 
40 CONTINUE 
IOU1 = IHHO 
cn 7n 7r1 -- .- . -  
850 I F  I T 1  .NE. 0.01 GO TO 52 
I F  lH298HO .EO. 0.0 .AND. IYORO( I )  .E& l H H 2 l  
GO TO 50 
H-H298 FUNCTIONS. 
52  I F  (IYORO(II .EO. IHH2)  HHRTT = Y O R O ( I ) / R T  
I F  ( I W O R O ( 1 )  .EO. IHHZT) HHRTT = WORO( I ) /R  
I F  ( lYORO( 1) .EO. IHHZRT) HHRTT = WORD( I ) 
I F  (H298HO .EP. 0 . 0 )  TEST(13l  = .TRUE- 
HHRTfNTTI = HHRTT + H298HO/RT 
GO TO 6 5  
H-HD FUNCTIONS. 
H298HO = -WORD1 1)  
. . .~~ 
60 I F  ( I W O R O ( 1 )  .EO. IHHO) HHRT(N1TI = Y O R 0 ( 1 8 / R l  
I F  IIWOROII) .EO. IHHORT) HHRTINTT) = YORO(1)  
I F  IlWORO(II .EO. IHHOT) HHRTINTT) Y O R D I I ) / R  
CHECK FOR TI ASINOT ON FORMULA CARO. 
6 5  I F  (ABS(TT-ASINOT) .GT. 0.005)  GO TO 70 
SPECH = HHRT(NT1) * RT 
T E S T ( l 9 )  = .TRUE. 
CHECK FOR FREE ENERGY FUNCTIONS. 
70 FHRTT = -1.0 
SR = -1. 
00 480 I = 1.4 
IFl IYORO(I) .EO.IFHO 8 IUOROl  I )  =IFHO 
IF(IYOROlI).EO.IFHOT ) IWORO(II =IFHOT 
I F 1  IWORO( I).EO.IFHORT 1 IWOROl  I )  =IFHORT 
I F  IIYORO(I).EO.IFHO ) FHRTT YORO(K) /RT 
I F  ( I Y O R O (  I).EO.IFHORT) FHRTT YOROII) 
I F  (IUOROII).EO.IFHOT 1 FHRTT * VOROlI)/R 
I F  (IUORO(I).EO.IFH2 8 FHRTT (Y)RO(I) - H298HOI / RT 
I F  ( IMOROl I~ .EO. IFH2T 1 FHRTT ( M R O I I )  - H298HO/TT)/ R 
I F  (IYORO(II.EO.IFH2RT) FHRTT YORO(1)  - H298HOlRT 
I F ( ( (  IYORO( I1.EO.IFH2).0R.(IYOROI I ).EO.IFHZT) .OR.( IYORO( I ) -EO.  
I F  (IOUT.NE. IHHOl GO TO 9 0 4 8  
1 IFH2RT)).ANO. H298HO.EO.0.0) TESTl13 )  = .TRUE. 
CHECK FOR ENTROPY FUNCTIONS. 
I F  (IYOROlI).EO.ISI SR = Y O R O ( I ) / R  
I F  (IYORO(I).EO.ISR) SR = YOROII) 































































































9048 I F  1IYORDlII.EO.IS~ FHRTT YOR0II)IR - HHRTINTTI 
I F  lIYORDlI).EO.ISR) FHRTT = HOROII) - HHRTINTT) 
I F  IFHRTT.EO.I-I.O)I GO TO 1100 
FHRTINTT) = FHRTT 
480 CONTINUE 
IF I IOUT-NE. IHHOI GO TO 9491 
I F  1SR.EO.l-1.)) GO TO 11 
HHRTlNTTl=SR-FHRTT 
I F  (ABSITT-ASINOT) .GT. 0 - 0 0 5 )  GO TO 9491 
SPECH = HHRTINTT) * RT 
C TESTl19)--THERE IS AN ENTHALPY FOR THE ASINOT ON THE FORMULA 
C STORED I N  SPECH- 





















TESTIP)--THERE ARE THERMODYNAMIC FUNCTIONS FOR AT LEAST ONE T. REC00205 
REC00206 
I F  1NIT.EO.NNN) GO TO 94 RECOO207 
9491 TESTI9 )  = .TRUE. 
IF lTCNl~- l~.LT.PTMELT.AND.TT .GT.PTMELT) GO TO 9493 REC00208 
I F I T T . N E . T ~ N I T - 1 ~ ~ O R . A 8 S ~ H H R T l N l T ~ - H H R T l N l T ~ l ~ ~ ~ L T ~ l ~ O l ~ ~ G O  O 94 REC00209 
9493 NLAST = N I T  - 1 REC00210 
CALL OELH RECOO211 3 2 3  
NNN = N I T  REC00212 
NLAST = N T  REC00213 
94 I F  ITSTCO) GO TO 50 RECOO214 
NT = NT + 1 REC00215 
T I N T )  TT REC00216 
NTT = NT+1 REC00217 
N I T  = NTT RECOO218 
GO TO 50 RECOO219 
1100 IOUT = IFHO REC00220 
Go TO 11 RECOO221 
C REC00222 
C230 PROCESS COEFFICIENTS REC00223 
C REC00224 
C C230 TO C240--STORE CONTENTS OF DATA CARD. RECOO225 
C I F  FHRTINTTI IS NOT = -1 lNTT=O,) CALCULATE INTEGRATION CONSTANTS RECOO226 
C FROM THE ENTHALPY AN0 FREE ENERGY I O R  5 )  WHICH HAVE JUST BEEN READRECOO227 
C 
3006 I F  lFHRTlNTT).EO.l-I.O)) NTT = 0 RECOO228 
00 200 IO = NWOR0.4 REC00229 
I F  IIWOROIIDI .EO- IBLNIO GO TO 2 0 0  REC00230 
I F  IIWORDIIO) .EO. I T )  GO TO 110 REC00231 
REC00232 NOT = 1 
REC00233 I F  IIWORO~IO) .EO- IPNCH) GO TO 710 
I F  lIYOROlIO) .EO. IHHO1.OR- IWOROIIO) -EO. IHHOZlGO TO 150 REC00234 
I F  IIWOROIIO) -EO. I H H l  .DR. IWOROIIO) .EO. IHH2C)GO TO 155 REC00235 
I F  (IHOROIIO~ .EO- I S C )  GO TO 160 REC00236 
REC00237 I F  lIYOROlIO) .EO- ISRCIGO TO 165 
I F  1IHOROlIOl .EO- I H  I GO TO 140 REC00238 
I F  lIYOROlIO~ .EO- I H R I  GO TO 145 REC00239 
C REC0025.0 
C ANALYZE C I  ICOEFFICIENTS) AN0 E l  (EXPONENTS) LABELS. USE NUMBFR AS RECOO241 
C INDEX TO STORE VALUES I N  C AN0 E X  ARRAYS. RECOO242 
IWO = IALS l6 .  IYOROlI0)I REC00243 3 8 2  
AN = ANO~MASK.lH0) RECO0244 
I F  INN -EO. IWD) GO TO 107 REC00245 
NN I A R S  124.IWOI REC00246 3 8 7  
GO TO 108 REC00247 
107 NN = IARS 130.IHDI RECOO248 390 
108 I F  INN -GT. 15) GO TO 1018 REC00249 
CA6EL * IARSIPO. IUORO(10)) REC00250 395  
I F  (LABEL .EO. I E )  GO TO 120 REC00251 
REC00252 I F  (LABEL .EO. I C 1  GO TO 130 
1018 WRITE 16.1019) IWOROIIOI. YOROIIO~ RECOO253 
1019 FORMAT llHO.A.6. 39H IS AN INCORRECT LABEL FOR THE NUMBER-- .E16.8.RECOO255 
1 31H. THUS THE VALUE WAS IGNORED. ) REC00256 
L INES L INES + 3 RE C 0 0 2 5 7 
I F  ( L I N E S  .GE. 5 5 )  CALL PAGE10 (LINES) REC00258 408 
GO TO 2 0 0  RECOO259 
C REC00260 
C TEST1 I7)--PUNCH COEFFICIENTS REC00261 
710 TESTC17I = .TRUE. RECOO262 
NOTs = NOTs + 1 REC00263 
I F  I W U I l O I I O ~  .LE. TCINTC)) GO TO 200 REC00264 
NTC = NTC + 1 REC00265 
TCINTC) = WORD( I D )  REC00266 
GO TO 200 REC00267 
C REC00268 
C T J t  TO T J Z  = TEMPERATURE RANGE FOR WHICH COEFFICIENTS ARE GOOD. REC00269 
110 I F  I NOT .EO. 1) GO TO 114 REC00270 
I F  lJT.NE.1) T J 1  UOROIIO) REC00271 
I F  I JT -EO-11  T J Z  WORO(I0) REC00272 
J T  I 1 REC00273 
GO TO 200 REC00274 
114 NHORO IO RECOO275 
REC00276 GO TO 210 
120 EXINN) - YOROIIO~ REC00277 
REC00278 HEX = NEX + 1 
GO TO 200 REC00279 
C RECOO280 
C OlVIOE COEFFICIENTS BY R I F  NO REDUCE LABEL ON METHOD CARDITSTRE[FF).RECOOZB1 
130 I F  1.NOT-TSTREOl Y O R O I I O )  W O R O ( I 0 I I R  REED0282 
C REC00254 403 
35 
I I I I1 I 1  II I I 1  I 
C 
C TEST( 18)--ABSOLUTE VALUES FOR ENTHALPY. 
C(LEVEL.NN) = UORO(I0I 
GO TO 200 
140 I F  (.NOT.TSTREOI U O R O ( I 0 )  = YOROIIO)/R 
145 T E S T ( l 8 )  = .TRUE. 
146 FORMAT (45HOENTHALPY IS A8SOLUTE--ASINOT SHOULD = 0-  
I F  IASINOT.NE.0.) WRITE (6.1461 
L INES = L INES 4 2 
155 HCOEF = WORO(I0) 
GO TO 200 
GO TO 155 
150 I F  (.NOT.TSTRED) Y O R O I I O )  = WORD( 
160 I F  (.NOT.TSTREO) W O R O l l D l  YOROI 
165 SCOEF = Y O R O ( I 0 )  
200 CONTINUE 




210 IF(.NOT.TSTCOl GO TO 601 
N F 1  = 6 
NF? = 7 
O)/R 
O ) / R  
220 N T i  = NT 
I F  I ~ A S I N O T . E O . O . ~ . O R . T E S T ~ l 9 ~ ~  GO TO 240 
I F  (ASINOT.GE.TJl.ANO.ASINDT.LE.TJ2I GO TO 2 3 0  
I F  (A8S(ASINOT-298.15I.GT.(.O1~.OR.H298HR.EP.O.) 
SPECH = H298HR*R 
GO TO 2 4 0  
230 NT1 ¶ NT + 1 
T INT1)  = ASINOT 
240 I N I T  
241 I F  IT l I ) . LT .TJ I  .OR- T(Il.GT.TJ2I GO TO 400 
245 C P R t I )  0.0 
TEST(19) = .TRUE. 
HHRTT = 0.0 
SR = 0.n 
C 
C CALCULATE FUNCTIONS FROM EPUATION 
00 300 J = 1. NEX 












































C NTT = T I F  AN ENTHALPY AN0 ENTROPY HAS BEEN REA0 FOR THE PURPOSE OF REC00325 
C CALCULATING THE INTEGRATION CONSTANTS. I F  THESE VALUES HAVE NOT RECOO326 
C BEEN REAO. NTT = 0- REC00327 
I F  (NTT.EO. 0 )  TT = T I I )  REC00328 
REC00329 I F  ( E X I J I  .NE. 0.0)  TEX = TT **EX(J) 
IFIEX(JI.EO.(-l.)IHHRTT = HHRTT 4 CILEVEL.J)*TT *ALOGITTI REC00330 
IF (EX(  J I .NE .(-1. I IHHRTT = HHRTT 4 C( LEVEL. J)/ (EX( Jl41.0 )*TEX REC00331 
I <  I f  .GT. NT) GO TO 300 REC00332 
C P R I I )  = C P R I I I  + C(LEVEL.JI * TEX 
I F  ITEX .EO. 1.0) SR = CILEVEL.J) * ALOG(TT I + SR 
I F  ITEX .NE. 1.0) SR = SR + C(LEVEL.JI/EX(J) * TEX 
IF(NTT.EO.0) GO TO 350 
HCOEF (HHRT(NT1) - HHRTT) *TT 
SCOEF = FHRTINTTI - SR 4 HHRT(NTTI 
NTT = 0 
GO TO 2 4 5  
HHRTIIb = HHRTT + HCOEF/TII)  
F t R T t I I  = SR + SCOEF - HHRTI I )  
I F  (I.LE.NT) N I T  = I + 1  
1 = 1 + 1  
GO TO 241 
T E S T i l 9 )  = .TRUE. 
300 CONTINUE 
350 I F  ( I  .GT. N i l  GO TO 4 5 0  
400 I F  ( I  .EO. NT1) GO TO 490 
4 5 0  SPECH = IHHRTT ASINOT 4 HCOEF) * R 
C 
c 2 5 0  
C 
C LEVEL INDEX FOR TEWPERATURE INTERVALS. 
490 CILEVEL.NF1) HCOEF 
C(LEVEL.NF2) = SCOEF 
NOTS = NOTs - 2 
I F  IINOTS.LE.O).OR.LEVEL.EO.(NTC-l~I GO TO 500 
00 216 K = 1. NOTS 
LEVEL = LEVEL + 1 
I F  1TJZ.LE.TCILEVEL)J GO TO 216 
214 CONTINUE 
216 CONTfNUE 
500 I F  ( ICARO .NE. NSUB) GO TO 600 















































J T  = 0 
LEVEL = LEVEL +I 
NEX = 0 
NOTS = 0 
GO TO 3000 






SUBROUTINE ATOM ATOM0001 
COMMON NAME1 21 SYMBOL 170)  .A TMYTl701 .R.HCK.ELECTR. I CAR0.I YOROl  51. ATOM0003 
1 Y O R O f 4 l ~ T E S T I 2 O l ~ Y E I G H T ~ F O R M L A f 5 l ~ M L A f 5 l ~ B L A ~ ~ E L E M N T f 7 0 l ~  ATOM0004 
2 NATOMrNT~CPRlZO2l~HHRTf2O2l~ASlNOH~TlZO2l~ASlNOT~FHRTl2O2l~ATOMOOO5 
3 SC0NST~NOATMS~MPLACEl7Ol~LPLACEl7Ol~NMLAl7Ol~NOFlLE, ATOM0006 




4 S P E C H ~ T A P E l 2 0 2 ~ 3 l ~ P T R L T . P E X l l O l ~ T R A f f i E l 1 0 l ~ T C O N S T ~ N K I N D ~  ATOM0007 
C ATOMOOil 
DIMENSION A J l 4 0 0 ~ ~ A N U f 4 0 0 l ~ G f 4 O O l ~ N N f 4 O O l ~ T E M P J f 4 l ~ T E M P N U l 4 l  ATOM0012 
DIMENSION 012031. TOOOTl2031. XTOOOTIZ031 ATOM0013 
OATA NTEMPRI6HTEMPER/.NFIX /6HFIXEON/. I F I L L / ~ H F I L L / I N O N / ~ H N O N / A T O M O O ~ ~  
DATA I I L A N K l l H  /.IP/2HIP/.LG/6HGLA8EL/ ATOM0040 
LOGICAL TEST. TSTFIL  .GLIBEL ATOM0015 
ATOM0018 L INES = L INES + 2 
L 
C I N I T I A L I Z E  TO NO CUT-OFF AN0 NO F I L L  
KUTOFF = NON 
TSTFIL = .FALSE. 
GLABEL = .FALSE. 
C 
C CHECK FOR F I L L  AN0 CUTOFFIKUTOFFI ON METHOD CARD. 
00 7 1-1.4 
IFfIYORDlI1.EO. 1 F I L L ) T S T F I L  = .TRUE. 
I F  II~OROIIl.EO.L61 GLABEL-.TRUE. 
IFfIWOROII1.EO.NTEMPRI KUTOFF = NTEMPR 
IF(  I Y O R O f  11 .NE.NFIXl GO TO 7 
NFIXEO - YOROfIl 
KUTOFF = NFIX  
K-0 
ALNVT=ALOGl YE IGHT181.5 




CALL INPUT TO READ AN0 L I S T  A OATA CARD. 
10 CALL INPUTIL INESI  
I F  fNFIRST.NE.01 GO TO 12 
NSUB I C A R O  
NFIRST = 1 
00 40 111.4 
12 I F  fICARO.NE-NSUB1 GO TO 50 
I F 1  1UOROIII.NE.IPI GO TO 13 
P I  = UORDf I 1  
GO TO 40 
13 I F  l IYORDII l .EO-IBLANK1 GO TO 40 
K = K+1  
N N I K I  = I M R O l 5 1  
I F  INNIK I -€0 .0  .AND. KUTOFF.NE.NON1 GO TO 30 
J VALUES ARE READ Y I T H  ALPHANUMERIC FORMAT. CHANGE TO NUMBER 
STORE I N  A J  ARRAY. 
HALF = 0. 
l S F T  - 0 
W 14 MLK = 1.6 
LOOK = I A R S  f 30 . IYORDf I ) )  
I F  I H A L F ~ E 0 . 1 ~ 5 1 1  GO TO 16 
IYORDIII = I A L S l 6 . I W O R O l I l l  
I F  ILOOK.EO. 2 7 1  HALF = .5 
I F  fLOOK.LT.101 I S F T  - ISFT*lO+LOOK 
14 CONTINUE 
16 A J l K I  - ISFT 
I F  (LOOK .EO. 51 A J I K I  = A J l K l  + HALF 
i F  fGLABELIAJ IK1  = fAJ lK l - l . l / 2 .  
G I K I  = 2.*AJlKl + 1. 
ANUfK l  = YOROIII 
I F  lfYOROlll.E0.0~l~A~O~lK.Gl.lllANUlKl = ANUIK-11 
GO TO 40 
30 U R I T E l 6 . 3 1 ) I M R O l I l . N N f K l  
3 1  FORMATl19HOERROR I N  OATA--J r A 6 . 6 X e  7HLEVEL 1.13 I 
LINES = LINES+2 
50 CONTINUE 
GO TO 10 
5 0  KLAST = K 
CZ8D 
C SORT ENERGY LEVELS I N  INCREASING 
75 J = l  
76 M=J 
77 W 79 I=J iKLAST 






ANUI J )=TEMPI 
TEMPY-GI M I  



































































. G I  J l=TEMPY ATOM0016 
KTEMPY=NNl M I  ATOM0087 
N N I  Ml=NNl  J I ATOM0088 
NNI  J I=KTEMPY ATOM0089 
TEMPY = A J I M I  ATOM0090 
A J l M l  = 1Jt.I) ATOM0091 
A J I J )  = TEMPY ATOM0092 
ATOM0093 81 J=J41 
I F  I K L A S T - J l  82.82.76 ATOM0094 
82 CONTINUE ATOM0095 
N N I K L A S T 4 l I  = 0 ATOM0096 
A J I K L A S T + l )  = 0.0 ATOM0097 
G l K L A S T 4 1 )  0.0 ATOM0098 
ANUlKLAST411 = 0.0 ATOM0099 
I F  l.NOT.TEST1141~ GO TO 1087 
WRITE I 6.1082) ATOM0100 
1082 FORMAT ~ 1 H O ~ 4 X ~ l H N ~ 6 X ~ I H J r 7 X ~ L H G ~ 5 X ~ L 3 H E N E R G Y  LEV L ~ 1 2 X ~ l H N ~ 6 X ~ 1 A T O M O l O 1  
lHJt7X.lHGt5X.13HENERGY LEVEL I ATOM0102 
L I N E S  = L I N E S  + 2 ATOM0103 
00 1085 I .: l r  KLAST . 2 ATOMO I04 
I N N  = I 4 1 ATOM0105 
WRITE ~ 6 ~ 1 0 8 3 ~ l N N l I N l ~ A J ~ I N ~ ~ G l I . N l ~ A N U l  IN). I N  I .INN1 ATOM0106 
1083 FORMAT ( 2 1 1 6 .  F8.1.FB.l.Fl4-3. l o x ) )  
1085 I F  ILINES.GE.55) CALL PAGEIO(L INES1 
1087 1FlKUTOFF.NE.NFIX) GO TO 100 





IFlNFIXEO.GE.NNl11) GO TO 100 ATOM0111 
W R I T E l 6 ~ 9 9 l N N I  1 1  ATOM0112 
99 FORRATf57HOSINCE FIXEON IS LESS THAN F I R S T  N. FIXEON IS SET EWAL ATOM0113 
NFIXEO = "111 
L I N E S  - LINES+Z 







C290 ATOM01 18 
C ROUTINE FOR ASSIGNING TO LAST LEVEL OF EACH PRINCIPLE QUANTUM NUMBER.ATOM0119 
C PON. THAT WEIGHT WHICH GIVES PPN THE TOTAL SUM OF 2 J 4 l r  OBTAINEO FROMATOM0120 
C THE FORMULA A*N*N. I IGNORES PON*S LOWER THAN GROUND STATE. AND. WHEN ATOM0121 
C NECESSARY. USES SPECIAL NUMeER FOR SUM OF 2 J + l  FOR PPN OF GROUND ATOM0122 
C STATE. ATOM0123 
c ATOM0124 ~~ 
INOX = J F I l l  
1 1 0 2  WRITE 16.101) ATOM0129 
101 FORMAT 17X. 1HB. 9X. lHNv 3x1 15HPREO. SUM12 J41 I e3X.14HACT. SUM1 2 5 4 1  * ATOM0130 
L ~ X . ~ H O I F F . ~ X I ~ H M A X  LEVEL.3X.l6H2J+l. MAX LEVEL 8 ATOM0131 
L I N E S  = L I N E S  4 1 ATOM0132 
I F  ( L I N E S  .GE.551 CALL PAGEIO ( L I N E S 1  ATOM0133 
K = l  ATOM0134 
N N I  = "11) .  
102 KUREN = NN(K1 
SUM = 0.0 
L =  1 
00 150 J=K.KLAST 
I F  lNN(J).LT.OI GO TO 150 
IF l N N ( J )  - KUREN) 110.105.110 
105 SUM = SUM4GIJ) 
M = J  
N N I J J  = - N N I J )  
IF (J.NE.KLAST1 GO TO 150 
GO TO 115 
L = o  
K = J  
110 I F  I L  .NE. 1) GO TO 114 
114 I F  I J  .NE. K L A S T I  GO TO 150 
115 I F  1KUREN.EO.NN 1 I GO TO 120 
TEMPY = KUREN+KUREN 
FORM = AGlINOXt*TEMPY 
GO TO 1 2 5  
1 2 0  FORM GGI INOX) 
1 2 5  O I F F  = FORM -SUM 
1FIKUREN.LT.NNll O I F F  = 0.0 
NNM = -"(MI 
WRITE 16.132)AGI INOXI  .NNM .FORM ~ S U M ~ O I F F ~ A H I I M I  
I F  lDIFF.GT.O.01 G l M t  = G l M I + D I F F  
132 FORMAT lF9.1.19 .F13 .1~F17~ l rF12~ l .F14 .4rF9 .11  
L I N F S  = L I N E S  + 1 
I F  ( L I N E S  .GE.55) C A L L  PAGEIO ( L I N E S 1  
I F  ( L  .NE. 1 )  GO TO 102 





160 I F  (ASINOT.NE.O.0) GO TO 162 
NT1 = NT 
GO TO 2 0 0  
T t N T l I  = ASINOT 
162 MT1 N T 4 1  
C 
C M = INDEX FOR T. K = INDEX FOR ELECTRONIC LEVELS. 
200 DO 300 M=NIT.NTl 
205 I = 0 
ATOM0135 













AT OM0 149 
ATOMOlSO 

































2 2  3 
2 2 9  
38 
I 
JJ = 1 
C 
C CALCULATE THE PARTITION FUNCTION AND DERIVATIVES FOR EACH ELECTRONIC 
C LEVEL AN0 TEMPERATURE. 
00 206 K=l.KLAST 
210 X=(HCK/TIU) I*ANU(K) 
211 IFtX-85.1 214.212.212 
AT0110179 
212 I F  (.NOT.TESTt1411 GO TO 260 
213 FORUATt5DHJNOT ALL  LEVELS WERE USED. X IS GREATER THEN 85. 
WRITE 16.213) 
L INES = L I N E S  + I 
I F  (L INES .GE.55i CALL PAGEID (LINES) 
GO TO 260 
214 IF(KUTOFF.NE.NTE11PRI GO TO 219 
IF(PI.NE.0. I GO TO 215 
WRITEt6.1215)  
RETURN 
1215 FORUAT(33HO IONIZATION POTENTIAL IS UlSSINGl  
215 THERM= PI-T(WI/HCK 
216 IF (ANU(K l  - THERW) 240.240.217 
217 I F  (.NOT.TEST114)) GO TO 260 
218 FOR11AT(58HJALL LEVELS HAVE BEEN USED TO THE THERUAL BINDING 
WRITE(61218 ITHER11 
1 F12.3) 
L INES = L I N E S  + 1 
IF (LINES .GE.55i CALL PAGEID (LINES) 
GO TO 260 
219 IF(KUTOFF.NE-NFIX) GO TO 240 
220 IF(lABS(NN(K)).LE.NFIXEOI GO TO 240 
221 JJ = 0 
GO TO 206 
240 I = I + 1 
01 I I-G(K)*EXPI-l.*XI 
TOOOTt I)-O(II+X 
XTOOOT~ I ) = T W o T ( I I * X  
2 4 5  IF (O(  1)-0.1E-9)246r246.206 
246 I F t X - 2 - 0 1  206.206.247 
247 IF(XTDO0Tt  I 1-OelE-91248.248.206 
248 I F  (.NOT.TEST(I4)I GO TO 260 
249 FORUAT l72HJNOT ALL ASSIGNED LEVELS WERE USED. 0 AN0 O E R I V A l  
YRITE(6.249) 
I R E  TOO SUALL 1 
L INES = - L I N E S  + 1 
I F  ( L I N E S  .GE-55) C A L L  PAGEID (LINES) 
GO TO 260 
206 CONTINUE 
1260 I F  (-NOT.TEST(14)) GO TO 260 
I F  (JJ.EO.0) WRITE (6.2221 NFIXED 
222 FORUAT(28HJALL LEVELS USED THROUGH N = 15)  
I F  (JJ.NE.0) WRITE (6.12621 
1262  FORUAT (50HJM.L ASSIGNED LEVELS HAVE BEEN USED 
L INES = L I N E S  + 1 
















































C CALCULATE TOTAL 0 .  DERIVATIVES. AN0 THERUDDYNAUIC FUNCTXONS FOR 1. 
C AT0110227 
260 OSUU=O.O AT0110228 
TOODTS-0.0 AT0110229 
XTOODS-0.0 ATOM0230 
J= I A T O M 0 2 3 1  
00 261 11- l .J  
OSU11=OSUM+O(I I 
TDOOTS- TDOOTS+TOOOT~ I I 
XToOoS= XTOOOS+XTDODT~II 
261 1,I- l  
262 I F  (TDODTS - 0.1 E-9) 263.264.264 







263 TUP = 0.0 AT0110238 
GO TO 265 AT0110239 
264 TMP=TOODTS/OSW ATOM0240 
265 HHRTl11I-T11P+2.5 AT011 0241 
AT0110242 I F t U  .GT.NTI GO TO 301 
AT0110243 CPR( 11 )=2- 5+XTDOOS/OSUM -TMP*TUP 
FHRTtWI= ALOG(OSUM)+2.5+ALOG~T~UI l+ALNWT +SCONST ATOM0244 
I F  I-NOT.TEST(14)) GO TO 300 
WRITE (6.270) T(11l.CPR(NI.HHRT(U).FHRT~UI AT0110245 
270 FORUAT tlX~1HT+F11~2~6X~4HCP/R~Fl2~6~6X~8HH-HO/RT~Fll~6~6X~~HF-HO/ATO11O24b 
1RT.Fl2.6) ATOM0247 
L INES = L I N E S  + 1 AT0110248 
I F  ( L I N E S  .GE.55) CALL PAGEID (L INES1 AT0110249 
WRITE (6.2711 X~OSU~~.TDOOTSIXTDOOS AT0110250 
2 7 1  FORUAT ~ I X ~ 1 H X ~ F l 2 ~ 7 ~ 6 X ~ 4 H O S U 1 1 ~ F 1 2 . 7 ~ 6 X ~ 9 H T ~ O O / O T ~ S ~ F 1 3 . 7 ~ 6 X ~ l O H X T A T O n O 2 S l  
l ~ D O / O T ) S ~ F 1 3 . 7 1  AT0110252 
L I N E S  = L INES + 1 ATOM0253 
I F  (L INES eGE.55) CALL PAGEID (LINES) A T ~ M O Z S ~  
300 CONTINUE 
301 SPECH - HHRT(NTl)*R*ASlNLlT GO TO 302 
C 
C TEST(191-- ENTHALPY HAS BEEN CALCULATED FOR T ON FORMLA CARD. 
C TEST( 9I--FUNCT IONS HAVE BEEN CALCULATED. 
TEST(19) = .TRUE. 
RETURN 
END 
302 T E S T t 9 )  = .TRUE. 
























I .  
POLYOOOl 
C T E S T Y I 1 )  MOLECULE IS NON-LINEAR P O L Y 0 0 0 3  
P O L Y 0 0 0 5  C T E S T Y l 3 )  SECOND ORDER CORRECTIONS ARE CALLED FOR 
C TESTY148 PENNINGTON AN0 KOBE APPROXIMATION P O L Y 0 0 0 6  
C T E S T Y l 6 )  S P E C I E S  HAS E X C I T E 0  ELECTRONIC STATES 
SUBROUTINE POLY 
C I F  TEST IS TRUE-- P O L Y 0 0 0 2  
C T E S T Y I P )  R I G 1 0  ROTATOR-HARMONIC OSCILLATOR APPROXIMATION P O L Y 0 0 0 4  
C T E S T Y ( 5 1  JANAF METHOO FOR D I A T O M I C  NOLECULES P O L Y 0 0 0 7  
C OWMON NAME ( 2) SY MBOL 170) * A  TMWT 1 7 0 )  *E. HCK. ELECTR. I CARO * I WORD1 5 I * POLY 0008 
1 ~ O R O ~ 4 l ~ T E S T l 2 O ~ ~ W E I G H T ~ F O R ~ A l 5 ~ ~ M L A l 5 ~ ~ A N Y ~ E L E M N T l 7 O ~ ~  P O L Y 0 0 0 9  
2 NATOH~NT~CPR(202~~HHRT~2O2~~ASINDH~Tl2O2l~ASINOT~FHRTl2O2~~POLYOOlO 
4 S P E C H ~ T A P E ~ 2 0 2 ~ 3 ~ r P T I Y L T ~ P E X f 1 0 l ~ T R A N G E ~ l O l ~ T C O H S T ~ N K I N O ~  P O L Y 0 0 1 2  
5 N F ~ L I N E S ~ I T R ~ N T M P ~ A G ~ 7 O ~ r G G l 7 O ~ r N I T ~ P I r H 2 9 8 H R ~ I H E A T ~ J 5 ~ 5 1  P O L Y 0 0 1 3  
COMMON /YCOMMN/ V l 2 0 ~ ~ O N I 2 O l ~ N O l 2 O l  . X 1 6 r 6 )  . Y I ~ T ~ . ~ ) . N N U I A L F A ( ~ ) .  P O L Y 0 0 1 4  
1 ALFB(61.  ALFC(61.  G ( 6 l q  W X f 6 l .  B E T A f 6 l .  A s  8.  C. RH. 01 YF. Y T  P O L Y 0 0 1 5  
2 SYM. S T Y T t  TOO. T H E T A l 5 l . T E S T Y l 6 )  t R l 2 0 ~ 3 l ~ S l 2 0 ~ 3 l ~ O L ~ 3 ~ ~ O ~ Q L N ~ O O ~ W L Y 0 0 1 6  
3 O W ~ L A 8 E L ~ O T O T ~ O L N T O T ~ 0 Q T O T . D D O T O T . C O R T ~ A I J l 6 r 6 ~ ~ A I I f ~ A I l 6 l  *NSUBPOLY0017 
3 S C O N S T ~ N O A T M S ~ M P L A C E l 7 O l ~ L P L A C E l 7 O ~ ~ N M L A l 7 O ~ ~ N O F I L E ~  P O L Y O O l l  
C P m v o o m  
C320 POLY 0019 
C POLYOOZO 
D I M E N S I O N  I E l 5 ) .  Rllbl P O L Y 0 0 2 1  
L O G I C A L  TESTY. r E S T  P O L Y 0 0 2 2  
EOUIVALENCE l I Y O * W O )  P O L Y 0 0 2 3  
DATA ~RRHO/~HRRHO/TJAUAF/~HJANAF/  .NRRHO2/6HNRRAOZ/ P O L Y 0 0 2 4  
DATA I P K f 5 H P A N O K f .  BCONV/2 .7988898/*  B L A N K I l H  /~NRRA01/6HNRRAO1/POLYOO25 
c POLY 0026 
6 I N I T I A L I Z E  FOR EACH SET OF METHOO AN0 DATA CAROS- 
DO 10 I a NITINT 
C P R I I )  = 0.0 
H M T ( 1 )  = 0.0 
10 F H R T l I k  = 0.0 
H H R T f N T  + 1 1  0.0 
FHRT(NT + 11 0.0 
00 1005 I 2.6 
SYM = 1.0 
1005 TESTY1 I 1  = .FALSE. 
C 
C CHECK METHOO 
00 800 I 1.4 
I F  IIYOROtI) .EO. IRRHO) GO TO 12 
I F  I I W O R D ( 1 )  .EO. NRRHOZl GO TO 13 
I F  I I W O R O ~ I )  .EO. I P K I  GO TO 14 
I F  ( I Y O R O ( 1 I  .EO. JANAFI GO TO 15 
I F  (IWORD(I).EQ.NRRIO11 GO TO 2 1  
,800 CON1 I N U E  
WRITE (6.191 
19 FORMAT~50HOMETHOO CODE YAS NOT RECOGNIZED. U S E 0  NRRAOL. C 3 2 0  1 
12 T E S T Y I P )  a -TRUE. 
13 T E S T Y ( 3 1  - -TRUE. GO TO 21 
Go TO 21 
GO TO 21 
I F  lNOATMS.GT.2) TESTY(2)  = .TRUE. 
14 TESTY(+) - .TRUE. 
1 5  T E S T Y ( 5 )  .TRUE- 
21 WRITE (6 .22)WEIGHT 
22 FORMAT f 1SHOMOLECULAR WT.=FlO.fi) 
N F I R S T  = 0 
L I N E S  = L I N E S  + 4 
C 
C 3 3 0  
C CALL I N P U T  TO R E A 0  AN0 P R I N T  CONTENTS OF I N P U T  CARO. 
28 CALL I N P U T I L I N E S )  
I F  ( N F I R S T  .NE. 0 )  GO TO 1010 
t 
C I N I T I A L I Z E  FOR F I R S T  CARO ONLY. 
N F I R S T  = 1 
NSUB = ICARO 
C 
C I N I T I A L I Z E  FOR EACH ELECTRONIC LEVEL. 









T H E T A ( 3 1  = 0.0 
A I I I =  0.0 
00 1002 I r l . 6  
P O L Y 0 0 2 7  
P O L Y 0 0 2 8  
P O L Y 0 0 2 9  
P O L Y 0 0 3 0  
POLY 0031 
P O L Y 0 0 3 2  
P O L Y 0 0 3 3  
P O L Y 0 0 3 4  
P O L Y 0 0 3 5  
P O L Y 0 0 3 6  
P O L Y 0 0 3 7  
P O L Y 0 0 3 8  
P O L Y 0 0 3 9  
POLYOOSO 
POLY 004 1 
POLY 0042 
POLY 0043 
P O L Y 0 0 4 4  
POLY 0045 
P O L Y 0 0 4 6  45 
P O L Y 0 0 4 7  
P O L Y 0 0 4 8  
P O L Y 0 0 4 9  
P O L Y 0 0 5 0  
P O L Y 0 0 5 1  
P O L Y 0 0 5 2  
P O L Y 0 0 5 3  
POLY 0054 
P O L Y 0 0 5 5  
P O L Y 0 0 5 6  55 
POL Y o 0 5 7  
P O L Y 0 0 5 8  
P O L Y 0 0 5 9  
POLY 0060 
POLY 0061 
P O L Y 0 0 6 2  
P O L Y 0 0 6 3  
P O L Y 0 0 6 4  58 
POLY 0065 
P O L Y 0 0 6 6  
P O L Y 0 0 6 7  
P O L Y 0 0 6 8  
POLY 0069 
POLYOO7O 
P O L Y 0 0 7 1  
POLY 0 0 7 2  
POLY 0073 
P O L Y 0 0 7 4  
P O L Y 0 0 7 5  
P O L Y 0 0 7 6  
P O L Y 0 0 7 7  
P O L Y 0 0 7 8  
P O L Y 0 0 7 9  
P O L Y 0 0 8 0  
P O L Y 0 0 8 1  
P O L Y 0 0 8 2  
P O L Y 0 0 8 3  
40 
ALFA( I l=O.O 
ALFEt I ) = O . O  
ALFCI  I l=O.O 
R f I I I  = 0.0 
G t  I bO.0 
U X I  I)=O.O 
EETAI I )=O.O 
DO 1002 JOL.6  
X( I . J l = O . O  
A1JII .J)  = 0.0 
1002 CONTINUE 
W 1003 Ix l .20  
V I  I lxO.0 
N O t I I  = 1 
1003 ON( I I = 1.0 
00 1004 1 ~ 1 . 4  
W 1004 Jal.4 
W 1004 K11.4 
1004 V l  I. J . K l x O - 0  
LEVEL = I Y O R O ( 5 )  
C 
C ASSUME L I N E A R  MOLECULE Y I T H  3N-5 FREOS. I F  THERE IS AN A OR I A  
C I N  THE I N P U T  CHANGE TO 3N-+-SEE C350.  
NV 3*NOATMS - 5 
T E S T Y t l I  = .FALSE. 
GO TO 1015 
C 
C I F  CARO COLUMNS 1-6 OR 79-60 ARE OIFFERENT FROM PREVIOUS CARD. GO 
C . TO 1051 ( C 3 E O l .  
LO10 IF I ICARO.NE.NSU6 .OR. LEVEL .NE. IYORDISII GO TO 1051 
c 
I- 
C 3 4 0  
C 
C SOME LAEELS FOR O I A T O M I C S  C N C K E O  AN0 VALUES STORE0 I N  S E C T I O N  C 3 7 0 .  
OATA TL /ZHfO/ .  SYMNO/SHSVMNO/. S T A T Y T l b H S T A T Y T I .  IV/6HOOOOOV/. 
1 NX/6HOOOOOX/* NY/6HOOOOOV/. Al /ZHAO/ .  EL/ZHEO/. CI /PHCO/ .  
2 I A / Z H I A / .  I E / 2 H I B / .  RH0/3HRH0/ .1G/6HOOOOOG/~ IALPHA/6HOALPtiA/.  
3 WE/ZHWE/. WEXE/4HYEXE/. YEYE/4HWEYE/. WEZE/+HYEZE/. OE/ZHOE/. 
4 IALFAB/6HOALFAB/.  Wl /ZHYO/ .  T2/2HTO/. AZ/ZHAO/. EZ/ZHEO/. 
5 C2/2HCO/. Ol/ZHDO/. D l l l / 4 H 0 0 0 0 / .  02/2HW/.  0 2 2 2 / 4 H 0 0 0 0 / .  
6 YX1/3HUX1/ .  UX2/3HYX2/ .  YX3/3HYX3/ .  YX4/3HYX4/ .  EETA1/5HEETAl / .  
7 EETA2/5HEETA2/. EETA3/5HEETA3/r  YZ/ZHYO/. E E / Z H E E / . I C l Z H I C / .  
E 1 ALFAAI6HOAL FAA/. I AL FAC /6HOA LFAC /. NA I J / b H 0 0 0 0 0  A/  
C 
C I N  DO LOOP THRU 1050 ( C 3 7 0 l  CHECK EACH LABEL ON DATA CARO AN0 STORE 
C ATA. 




P O L Y 0 0 8 8  
POLY0089 
P o L v o o 9 o  
P O L Y 0 0 9 1  
POLY0092 





P M V O O 9 8  
POLY0099 
POL YO 100 









P O L Y O l l O  
POLVO111 
POLY til 12 
POLY0113 
POLY 0 1 1 4  
POLYO 115 
POLY0116 
, P O L Y 0 1 4 1  
P O L Y 0 1  1 7  
P O L Y O l l E  
POLY0119 
POLYO 120 
P O L Y O l Z l  
POLVO122 
POLY0123 





1015 W 1050 I D  1.4 POLY012 
I Y O  = IYORD(I0) POLY013 
I F  ( Y O  .EO. BLANK1 GO TO 1050 POL v 0 13 
I F  ( Y O  .EO. 11 .OR, YO .EO. 121 GO TO 100 P O L Y 0 1 3  
I F  ( Y O  .EO. STATUTI GO TO 102 POLY013 
I F  ( Y O  .EO. SYMNOI GO TO 104 POLY013 
I F  (WO .EO- E 1  .OR. YO .EO. E2 .OR. YO .EO. E E l  GO TO 106 POLYO 13 
I F  ~ I W O R O ( I O 1  .EO. 1 6 )  GO TO 106 POLY013 
I S H F T l  = I A R S l 6 . I U O R D I I O l l  P O L Y 0 1 3  
I F  I ISHFT1.EO.IALPHA .OR. ISHFTL.EO. IALFA6 .OR. ISHFT1.EO.IALFAA P O L Y 0 1 3  
1 .OR. ISHFT1.EO. IALFACl  GO TO 1030 P O L Y 0 1 3  
I F  (NOATMS .EO. 4 )  GO TO 1045 POLY014 
I F  ( Y O  .EO. RHO1 GO TO 110 POLY014 
I F  IUD .EO. 01 .OR. YO .EO. 01111 GO TO 112 POLY014 
I F  I U D  .EO- 02 .DR. YO .EO. 02221 GO TO 112 POLY014 
I F  (IYORD(I0I .EO. I A I  GO TO 1020 POLY014 
I F  ~ I W O R D t I O I  .EO. I C 1  GO TO 114 POLY014 
I F  ( Y O  .EO. A 1  .OR. YO .EO. A21 GO TO 1023 POL YO1 4 
I F  ( Y O  .EO. C 1  .OR. YO .EO- C Z I  GO TO 116 POLY014 
I F  ( Y O  -EO- W 1  -OR. YO .EO. Y 2 )  GO TO 116 POLVOlS 
I S H F T S  = I A R S  (30. I U O R D I I D I I  POLYOlS 
I F  ( I S H F T S  -EO. NX -OR. 1SHFTS.EO.NAIJl GO TO 1040 POLYOLS 
I F  ( I S H F T 5  .EO. N V )  GO TO 1044 P O L Y 0 1 5  
I F  l I S H F T 5  .EO. I G I  GO TO 1025 POLY015 
1018 WRITE ( 6 . 1 0 1 9 1  I Y O R O t I D I .  Y O R D ( I 0 I  POLY015 
1019 FORMAT (1HO.Ab. 3 9 H  I S  AN INCORRECT LABEL FOR THE NUMEER-- .EL6.8.POLY015 
L I N E S  = L I N E S  4 3 POLYOlS 
I F  ( L I N E S  .GE. 551 CALL PAGEID ( L I N E S )  P O L Y 0 1 6  
GO TO 1050 POLY 0 16 
C P O L Y 0 1 6  
C 3 5 0  POLY016 
C P O L Y O ~ ~  
I F  ( I S H F T S  .EO. I V I  GO TO 1033 POLVOlS 

































100 TOO = YOROI 101 




4 1  
102 STHT = Y l l R O I I O )  
GO TO 1050 
104 SYM = WOROIIO) 
GO TO 1050 
106 8 = YOROIIO) 
GO TO 1 0 5 0  
108 8 = B C O N V / W O R O I I O ~  
GO TO 1050 
110 R H  = UOROIIO) 
GO TO 1 0 5 0  
112 0 = W O R O I I O )  
GO TO 1050 
114 C = BCONV/YOROIIO) 
GO TO 1050 
116 C = WORO(I0) 
GO TO 1050 
118 Y F  = Y O R O ( I 0 ~  
GO TO 1050 
C 
C I F  I A  OR A LABEL. NON-LINEAR MOLECULE. 
1020 A = R C O N V / W O R O l I O ~  
1021 T E S T W I I I  = .TRUE. 
N V  = 3*NOATWS - 6 
GO TO 1050 
GO TO 1021 
I Y O  I A R S I 3 0 .  I H O )  
GI IWO) = YOROIIO) 
GO TO 1050 
I = IWORO(I0) - I B A C K I  
I F  1 1  .GT. 10) I * 1 
I F  IISHFT1.EO.IALPHA .OR. I S H F T l  .EO.IALFA8I A L F B I I )  YOROIIO) 
I F  1ISHFTl .EO.IALFAAI ALFA111 = WOROIIO) 
I F  (1SHFTl.EO.IALFAC) A L F C I I )  = YOROIIO) 
GO TO 1050 
1023 A = YOROIIOI 
1 0 2 5  I U D  I A L S I l Z t  IYOROIIO)) 
1030 I B A C K I  = I A L S f 6 .  I S H F T 1 )  
C 
C 3 6 0  
C STORE FREOUENCY AN0 DEGENERACY ACCORDING TO LABEL. 
C 
1033 J = 1 
00 1034 I 1.5 
I W O  = I A L S  ( 6 . I W O l  
I E I J )  IARS(30. IWOI  
I F  I I E I J )  .EO. 48) GO TO 1034 
J = J S l  
I = l  
K V  = I E l 1 )  
1034 CONTINUE 
I = I + 1  
I F  I I E l I )  .GE. 10) GO TO 1035 
K V  = 10 * K V  + I € (  I )  
IF(KV-.GT. NVI GO TO 1038 
1035 V I K V )  = WOROIIO) 
1036 1 = I + 1 
I F  11 .GT. J) GO TO 1 0 5 0  
I F  I I E I I )  .GE. 10) GO TO 1036 
O N I K V )  = I E I I )  
N O I K V )  = I E I I )  
GO TO 1050 
T E S T l l 6 l  = .TRUE. 
1038 Y R I T E  ( 6 . 1 0 1 9 1  IYOROIIO). WORD(I0I 
RETURN 
C 
C STORE X I J  ACCORDING TO LABEL 
1040 IWO = I A L S  16.IYORDtIO)) 
I X  I I A R S  IM.IW0) 
I Y O  I A L S  1 6 . I W O )  
J X  = I A R S l 3 O ~ I Y O l  
IF1  ISHFT5.EO.NX) X ( I X . J X )  U O R O f I O )  
I F 1  ISHFT5.EO.NAIJ) A I J I I X v J X )  = WOROIIO) 
GO TO 1 0 5 0  
C 
C STORE Y I J K  ACCORDING TO LABEL. 
1044 I W O  = I A L S  1 6 ~ I W O R O ~ I O I ~  
I Y  I A R S  (30.1UD) 
I Y O  = I A L S  16 . IWO)  
J Y  = I A R S  13O.IWO) 
I U D  = I A L S  16.IWO) 
K Y  = I A R S  130. IUD)  
Y(IY.JY.KYI WORO(I0I 







POLY 0 173 
POLY01  74 
POLY01  75 
POLY 01 76 
POLY 0 177 
POLY 0178 
POLY 0179 
POLY 0 180 
POLY 0 18 1 
POLY 0182 
POLY 0183 











P M Y O 1 9 5  














P O L Y 0 2 1 1  




POLY 02 16 
P O L Y O ~ O ~  
POLY0217   8 
POLY0219  













POLY 0 2 3 4  
POLY 0235 
POLY0236  

































C SOME INPUT FOR OIATOMIC MOLECULES. 
C 
1045 I F I Y O  .EO. Y E 1  GO TO 300 
I F I Y O  .EO. WEXE .OR. YO .EOl Y X I I  GO TO 301 
I F I Y O  .EO. YEVE .OR. Yo .EO. Y X Z I  GO TO 302 
I F I Y O  .EO. YEZE .OR. Yo .EO. WX31 GO TO 303 
I F t Y O  -EO. Y X 4 l  GO TO 304 
I F (  YO .EO. B E T A 1 1  GO TO 305 
I F 1  YO .EO. B E T A 2 1  GO TO 306 
I F 1  YO .EO. B E T A 3 1  GO TO 307 
I F 1  YO .EO. D E I  GO TO 308 
GO TO 1018 
GO TO 1050 
GO TO 1050 
GO TO 1050 
GO TO I O U )  
GO TO 1050 
300 Y = YOROIIOI 
301 W X I L I  = YORO(I0l 
302 Y X l 2 l  = Y O R O I I O I  
303 Y X l 3 1  - YOROIIOI 
304 Y X l 4 1  = YOROIIOI 
305 B E T A 1 1 1  = U O R O I I O I  
GO TO 1050 
GO TO 1050 
306 B E T A ( 2 )  = YOROIIOI 
307 B E T A l 3 )  = W O R D I I O I  
308 0 = ~OROIIOI 
GO TO I050 
GO TO 1050 
1050 CONTINUE 
C 
C DATA FOR CARO HAS BEEN STORED. GO TO 28 IC3301 TO REA0 NEXT CARD. 
GO TO 28 
C 
C 3 8 0  
C 
C DATA FOR ELECTRONIC LEVEL HAS BEEN STORED--CALCULATE SOME VARIABLES 
C REOUIREO I N  EOUATIONS. 
IO51 NNU = 0 
I F  1ICARO.EO.NSUBl TESTY161 = .TRUE. 
1 x 0  
I F  INOATMS .NE. 21 GO TO 1052 
C 
C O l A T O M l C  MOLECULES-- 
V I 1 1  = Y - 2 . O * Y X l l l  + 3 . 2 5 * Y X I Z l  + 5 . O * Y X I 3 l  + 7 - 5 6 2 5 * Y X I 4 l  
x 1 1 . 1 1  = -YxI1l+4.5*Yxlzl*14.5*Yxl3l 
V l l . l . I l  = Y X I P I  + 8 . * Y X I 3 l  
A I  I 1 I 
A I J I  1.11 9 - A L F B l 2 1 - 1 ~ 5 + A L F B I 3 l  
ALFBI 1 I-ALFB I 2 I-. 75*ALF813  I 
c 
CALCULATE A N 0  CHECK NUMBER OF FREOS. INNU). MAXIMUM 6 FOR NOM-RRHO. 
I052 NNU 9 NNU 4 1 
I = I + NOINNU1 
I F  I V I N N U I  .EO. 0.01 GO TO 1094 
I F  11  .LT. NV)  GO TO 1052 
I F  1I -GT.NVl  GO TO 1094 
I F  (NNU.GT.61 T E S T Y 1 2 1  = .TRUE. 
I F  lNOATMS.EO.21 GO TO 2054 
I F  I T E S T W I Z I I  GO TO 1092 
I F l T E S T W I 1 l l  GO TO 1053 
GO TO IO56 
C 
C D I A T O M I C  MOLECULES. 
rFin.Eo.o.oi GO T n  1098 
2054 O-l~BETAl3l*0.5+BETAIZll*0.5+BETAIlll*O.5+0 
I FlO.EO.0 .O I 011 4.0*8**31 /Y**2 
BEJ-  8 
B * l  I A L F B I  3 l *O.5+ALFB121 1*0.5-ALFBI 11 I *O. 548 
I F  l ~ N O T . T E S T Y l 5 l l  GO TO 9054 
C 
C JANAF CORRECTIONS 
A 1 1 1 ~  = A I l 1 l I B E J  
X I I . l l  = X l 1 . 1 l * V l 1 I / Y  
RH = 4.*SORTl OIBE J l /  l H C K * V l l  I I 
GO TO 1059 
C 
C I F  RRHO. S K I P  TO 1090 IC41Ol. 
9054 I F  I T E S T Y I Z I )  GO TO 1090 
C 









P o L v o z 5 e  
POLVO259 















P O L I O 2 7 5  
POLY 02 76 
POLVOZ77 
































P O L V O 3 l l  











POLY0325  4+4 
POLY0326  
COLVO327 
P O L Y O ~ O ~  
P M Y O ~ M  




P O L V O ~ Z ~  
43 
I F f T E S T Y l 4 l l  A I 1 1  I = A L F B ~ ~ ~ - ~ . * A L F B ~ ~ ~ - ~ I ~ ~ * A L F O ~ ~ ~  
A1111 = AI11110 
A I J l l * l l  A I J I  1.1110 
AI11 = - A L F B I 3 1 / 0  
I F  l T E S T Y l 4 1 l  AI111 l A 1 1 1 1  + 1.1*AIlIl 
GO TO 1059 
C 
C L I N E A R  POLVATOMIC W)LECULES-- 
1056 MI 1058 I 1.NNU 
W 1057 J 1.NNU 
AI111 = A L F B I I ) / O  
CON - ON1 J 112. 
I F  1I.EO.JI CON = O N f I l  
A I J l I . J l  - A l J I l . J l / B  
I F  I J - L T - 1 1  A I J I I r J I  A I J l J . 1 1  
I F  l T E S T Y l 4 l l  A I 1 1 1  I A I I I I  + l.l*AIlI) 
1057 A I I I I  A I 1 1 1  + C O N * A I J I I . J )  
1058 CONTINUE 
C 
C 3 9 0  
C L I N E A R  AN0 D I A T O M I C  MOLECULES--CALULATE RHO AN0 THETAS. 
C 
1059 I F  IRH .EO. 0.01 RH = I Z . W O l / I B * * 2  H C K I  
THETA1 1 l=l HCK*BI/3.0 
THETAl2~=THETA111+*2*0.6 
THETA f 311 I THETA1 1 1 * T H E T A l 2  le4.01 /7.0 
I F  l . N O T . T E S T l 1 4 l l  GO TO 1075 
Y R I T E  16.2053) 8. 0.  RH 
00 2055 I 1. NNU 
Y R I T E  16.20571 I v A I I I )  
2053 FORMAT l5HOBO F10.6r5X.4HOO .E13.6.5X.5HRHO eE13.6 I 
2057 FORMAT l 4 H O A I l I 1 . 3 H )  . F10.71 
2055 U R I T F  1 6 . 2 0 5 6 )  I 1. J .AI  J I I  . J1 v J= l .NNUl  
2056 F O R M A T l l H 0 ~ 6 l 2 H A l  I l r l H . 1 1 . 3 H 1  = F10.7 .5X l l  
GO TO 1075 
C 
C NOH-LINEAR MOLECULES-- 
1053 IFlC.EO.O.0) GO TO 1100 
3056 FORMAT I 5HOAO F10.6.5X.4HBO FlO.6.5X.4HCO F10.6 v5Xs5HRHO 
I F  I T E S T l 1 4 1 1  Y R I T E  16.3056) A.8.C.RH 
P O L 1 0 3 3 2  
POLVO333 
P O L Y 0 3 3 4  
POLY0335 
P O L 1 0 3 3 6  
POLVO338 
P O L 1 0 3 3 9  
POLVO340 
P O L Y 0 3 4 1  
POLVO342 
POLVO343 
P O L V O 3 W  
POLVO345 
POLVO346 
w L V 0 3 4 7  
COLVO348 




P O L Y 0 3 5 3  
P O L Y 0 3 5 4  
POLVO355 
P O L Y 0 3 5 6  
POLVO357 
P O L Y 0 3 5 0  
P O L V 0 3 5 9  490 
POLVO360 
POLVO361 
P O L V O M 2  493 
P O L Y 0 3 6 3  
P M V 0 3 6 4  495 
P O L V O M 5  
W L V O 3 6 6  
P O L Y 0 3 6 7  
P O L Y 0 3 6 8  
P O L Y 0 3 6 9  
POLVO370 506 
=POL yo37 1 
~ 0 ~ ~ 0 3 3 7  
1E15.81 P o L v a  
DO 1054 I 1.NNU P a v a  
A I 1 1 1  = l A L F A l I 1 / A  + A L F O I I l / B  + A L F C l 1 1 / C 1 / 2 .  P m v a  
2 ) / 8 1 * * 2 + I A L F C l  I ) / C ) * * 2 1 / 4 .  POLVO 
I F  f T E S T 1 1 4 1 l  WRITE 16.3055) A I I I l ~ A L F A l I 1 ~ A L F B l I 1 ~ ~ L F C l I l ~ I  POLVO 
3055 F O R M A T l 5 H O A I  F10.7r4X.9HALPHA A = F10.7.4X*9HALPHA B 9 F10.7.4X.POLVO 
1054 CONTINUE P O L I O  
ASO=A**Z POLVO 
BSO=B** 2 POLVO 
cso=c**2 POLVO 
T H E T A l 2 1  = I lO.WlASO+BSO+CSO1 + 12.0 * lA*B  + B*C + A q C )  POLVO 
z 1 + ~ . O ~ I A S O + B S O ~ C S O  + ASO*CSO/BSO + BSOKSO/ASO) 1 * H C U * * ~ / ~ ~ O . P O L V O  
I F  I T E S T Y I 4 J  1 A I 1  I1 I -5*AI I I l + l .  )*AI I I It I ( A L F A 1  I )/AI **2+1 A L F I I  I POLY0 
1 9HALPHA C F10.7.4X.3HI 9 I l l  m v a  
T H E l A ( I 1  = 12.0*f&+B+Cl - A*B/C - N C / B  - B K / A )  I H C K / l 2 . 0 )  POLVO 

















-THETA131 = 0.0- 
1075 I F  ( T E S T 1  1 4 ) )  Y R I T E  16.3075) l I ~ T H E T A l I ) * I ~ l . 3 )  




IFlNOATMS.EO.21 GO TO 1092 
C 
C POLVATOMIC MOLECULESI MAKE X AN0 V MATRICES SYMMETRIC. 
00 8 I 1.NNU 
00 8 J = 1 r N N U  
XIJ.11 X1I .J )  
OD 2 I g l . N N U  
00 2 J+I.NNU 
00 2 L=J.NNU 
I F  II.NE.JI GO TO 5 
I F 1  J-L 1 4.2.4 
8 CONTINUE 
5 I F  IJ-L) 6.4.6 
4 V l J t L .  I ) = V l I * J v L 1  
VIL. 1.J ) = V I  1 s  J.Ll 
GO TO 2 
6 V I I . L I J I = V I  I.  J.Lt 
V l J . I . L 1 = V l I * J . L l  
V1J.L. I ) = V I  1. J.L1 
VlL . I .J1=Vf I .O.L l  
V l C ~ J . I 1 = V l I . J . L 1  
POLVO388 
P o L V O 3 8 9  533 
P O L Y 0 3 9 0  
POLVO391 
P O L V 0 3 9 2  
POLVO393 
W L V O 3 9 4  
POLVO395 
POLVO 396 
P O L Y 0 3 9 7  








P O L I O 4 0 8  
P O L V 0 4 1 0  
POLVO411 
POL v04 12 
POLVO413 
POL v 04 14 
POLVO~OI 
P O L V O ~ O ~  
P O L V O ~ O ~  
44 
I. 
C G I 1  CORRECTIONS 
00 860 I= l .NNU 
IF(G(Il.EO.O.1 GO TO 860 
G ( I 1  = G I 0  + 8 
I F  ~ . N O T . T E S T W ~ 4 l l V I I l  = V I 1 1  - G I 1 1  I F  I T E S T W l 4 1 1  X( I e 18.  - X I  I .I  )+GI1  )/Pa 
860 CONTINUE 
C 
C 4 1 0  
C INTERMEDIATE OUTPUT--XIJS AN0 LEVEL. 
C 
1092 I F  I.NOT.TEST(1411 GO TO 1091 
2860 FORMAT I 8 H O X l I . J l  I 
2861 WRITE (6.28621 ( X ( I . J I . J = l . N N U l  
2 8 6 2  FORMAT (1H  .6F10.41 
1093 FORMAT (BHLLEVEL .I21 
WRITE (6.28601 
00 2861 I =l.NNU 
WRITE 16.10931 LEVEL 
1091 I F  l T E S T W ( 5 ) )  T E S T Y 1 4 1  = .TRUE. 
c 
2 CONTINUE POLYO 
I F  ( T E S T (  141 I WR I T €  (6.2004) I ( (1  .J.L e V I  I e JeI.1. L-J e N W l  s J-I e N N U I  e POLVO 
1 I = l . N N U I  POLYO 
2004 FORMAT I 5t 3H V I  I 1.1H. . I  1.1H. I 1 r 3 H )  1eF7.3.3XI I POLYO 
C POLVO 
C APPLY X CORRECTIONS FOR NRRAOl A N 0  2. POLY 0 
00 990 I 1. NNU POLVO 
00 990 J = 1. NNU POL v 0 
cv = 0.0 POLYO 
00 910 K = 1. NNU POLVO 
I F (  I K. NE. I I .&NO. I K.NE Jl I CV=CV+ONl K l  *V(  I t J.Kl /2- POL vo 
910 CONTINUE POLVO 
I F l I ~ E O ~ J l X ~ I ~ I l ~ X I I ~ I l + V I I ~ I ~ I l * I l ~ 5 * O N ~ I l + 3 ~ l * C V  POLVO 
I F (  I.NE. J l X (  I .  J l = X I  I e J l+I ON( I l + l -  ) *V(  I e I e J 1  +(ON( Jl+l.  I * V I  I e J. J)+CVPOLVO 



















P a r 0  






P O L I O  
I F  CC 1-6 = CC1-6 OF PREVIOUS CARD. ASSUME THERE IS ANOTHER ELECTRONIPOLVO 
-
C CALL L I N K 1  TO CALCULATE P A R T I T I O N  FUNCTI  
1090 C A L L  L I N K 1  
c 










































C LEVEL AN0 Go TO 1001 I C 3 3 0 1 .  
C OTHERWISE CALCULATE FUNCTIONS FROM 0 AN0 O E R I V A T I V E S  I V A L q E S  FOR 
C M U L T I P L E  ELECTRONIC STATES HAVE BEEN SUMMEOI. 
I F  ( I C A R O  .EO. NSUOI  GO TO 1001 
N T l  = NT 
I F  (ASINOT.NE.O.1 N T l = N T + l  
00 1000 I NIT.NT1 
I F  (.NOT.TESTWI61 I GO 10 999 
0 = F M T I I I  
F H R T I  0 = ALOGIO) 
00 = H H R T I  11/0 
HHRTlIl = 00 
C P R I O  = C P R t I I I O  +12.-DOl*OO 
H H R T I I I  = H b R T I I l  + 2.5 
I F  (ASINOT.EO.O.1 GO TO 4001 
999 F H R T ( I 1  = F H I T I I I  + 1.5*ALOSIYEIGHTl + 2 . 5 * A L O G ( T ( I l l  + SCONST 
1000 C P R ( I 1  = C P R t I I  + 2.5 
C 
C CALCULATE ENTHALPV FOR ASSIGNED T ON FORMULA CARD. 
SPECH = H H R T ( N T l l * E * A S I N O T  
T E S T I l 9 1  = .TRUE. 
RETURN 
4001 T E S T I 9 1  = .TRUE. 
1094 WRITE16.10951 
1095 FORMAT ( 3 7 H O  YRONG NUMBER OF NU-SIV-S). C 4 1 0  I 
1098 W R I T E I 6 . 1 0 9 9 1  
1099 FORMATI35m)  THE VALUE OF 8 IS MISSIH;. C 4 1 0  I 
1100 W R I T E ( 6 r l l O l l  
1101 FORMATI35m)  THE VALUE OF C IS MISSING. C41O I 
GO TO 2000 
GO TO 2000 
2000 T E S T 1 1 6 1  = .TRUE. 
RETURN 
E N 0  
P O L Y 0 4 5 6  
P O L V 0 4 5 7  
POLVO458 
P O L Y 0 4 5 9  
P O L Y 0 4 6 0  
P O L Y 0 4 6 1  
POL V 0463 
P O L Y 0 4 6 2  
POLVO466 
POLVO467 
P O L 1 0 4 6 8  
P O L Y 0 4 6 9  
POLV 0470 




POL v 0475 




P M V 0 4 0 0  














SUBROUTINE L I N K 1  LI NKOOOl 
C L I N K 0 0 0 2  
C CALCULATE 0 L I N K 0 0 0 3  
C TESTY111 MOLECULE IS NON-LINEAR L I NK0004 
C TESTY(21 RIGID ROTATOR-HARMONIC OSCILLATOR APPROXIMATION L I N K 0 0 0 5  
C TESTY(31 SECONO ORDER CORRECTIONS ARE CALLED FOR L I N K 0 0 0 6  
C TESTY(41 PENNINGTON A N 0  KOBE APPROXIUATION L I NK0007 
C TESTY(51 JANAF METHOD FOR DIATOMIC WLECULES POLY0007 
C TESTW(61 SPECIES HAS EXCITE0 ELECTRONIC STATES 
COMMON NAME~2l~SYMBOL170l~ATIIYT~7OI~E~HCKtELECTR~ICARD~I~OROl5l~ L I N K 0 0 0 8  
1 YOROl4ltTEST~20l~WEIGHT~FORIILA~5lrMLAl5l~ANY .ELEMNT(7Olr  L I N K 0 0 0 9  
2 NATOM~NTiCPR~202ltHHRTt2O2l~ASINOHrTl2O2l~ASINOl~FHRl~2O2l~LlNKOOlO 
3 S t O N S T ~ N O A T M S t M P L A C E l ~ O l ~ L P L A C E ~ 7 O l ~ N M L A ~ 7 O l ~ N O F I L E ~  L I  N K O O l l  
4 S P E C H ~ T A P E ~ 2 0 2 t 3 l ~ P T M E L T t P E X ~ l O l ~ T R A f f i E I L O l ~ T C O N S T ~ N K I N O ~  L I N K 0 0 1 2  
5 NF.L INES. I TRrNTUP.AG(70 J r G S t 7 0  J * NIT L I N K 0 0 1 3  
C L I N K 0 0 1 4  
c420 L I NK0015 
L I N K 0 0 1 6  C 
COMMON IYCOMMNI V ~ 2 0 ~ ~ D N 1 2 0 1 r N 0 ~ 2 0 1 r X 1 6 r 6 1 r Y 1 6 ~ 6 ~ 6 1 ~ N N U ~ A L F A 1 6 1 ~  L I N K 0 0 1 7  
1 A L F B ( 6 l t  ALPC(61. 6161. WX(61. B E T A l 6 1 r  A. Br C. RH. 0. YF* Y t  L I N K 0 0 1 8  
2 SYMt STYT. TOO. THETA151 r TESTY161 .R(ZO*3l rS(20 .3)  r O L ~ 3 l ~ O ~ O L N ~ O O ~ L I N K O O l 9  
3 OW* LAB EL. O T O T ~ O L N T O T ~ O O T O T ~ O  WTOT.CORT r Y I  J( 6 e 6  1. AI I I AI ( 6 I e NSUBL I NK0020 
LOGICAL TESTY. TEST L I  NK0021 
OATA L EL /6HEL EC T R I P  L I N K  0022 
1 3HRHO/~LTHETA/5HTHETA/tLYIJK/~YIJK/~LALPHA/5HALPHA/~LZ/~HHEZE/  L I N K 0 0 2 3  
C TESTt141-- INTERM CAR0 HAS BEEN REA0 CALLING FOR INTERMEOIATE OUTPUT L I N K 0 0 2 5  












IW .NOT.TESTI 1 4 1  I GO TO 6 
00 5 I = lt NNU 
NNO=ONl I) 
WRITEILI 10061 I.V( I I r N N D d .  I .G(I .1  
F O R M A T ~ 3 H O V l ~ I 1 . 3 H l  =.F9.4.lH(.Il. lHI 6Xr lHG.ZI l .ZH =.F7.31 
I F . l A S I N 0 T  .NE. 0.01 GO TO 7 
N T 1  = NT 
GO TO 8 
N T 1  = N T  + 1 
T(NT1J = ASINOT 
LOOP THRU 1 0 0 0 ~ C 4 8 0 1  CALCULATES 0 AN0 OERIVATIVES FOR ELECTRONIC 
00 1000 I T  = NIT.NT1 
0101 = 1.0 
OLNTOT = 0.0 
OOTOT = 0.0 
OOOTOT = 0.0 
0 = 1.0 
I F  l T E S T f 1 4 1 1  YRITE 16.41 T ( I T 1  
FORUATI4HLT 1F9.31 
CT = H C K I T I I T I  
00 10 I= l .NNU 
R l l r l l  = 0.0 
u = CT V t I I  
IF lU.GE.30.) GO TO 9 
LEVEL. I T  = T INDEX. 
L I NKOOZ6 
LI NK0027 
LI NK0028 
L I  NK0029 
L I NK0030 
L I N K 0 0 3 1  
L I N K 0 0 3 2  
L I N K 0 0 3 3  
LI NK0034 
L I N K 0 0 3 5  
L I N K 0 0 3 6  
L I N K 0 0 3 7  
L I N K 0 0 3 8  
L I N K 0 0 3 9  
L I N K 0 0 4 0  
L I NKOO4l 
LI NK0042 
L I  NK0043 
L I N K 0 0 4 4  
L I NK0045 
L I N K 0 0 4 6  
L I  NK0047 
L I N K 0 0 4 8  
L I N K 0 0 4 9  
L I N K 0 0 5 0  
L I N K 0 0 5 1  
L I N K 0 0 5 2  -. . . . - - -
C R ( I . 1 1  * RI6 S(Irl1 = SI. A 2 OR 3 I N  THE SECOND SUBSCRIPT I I N K 0 0 5 3  
C INOICATES F I R S T  OR SECOND DERIVATIVE RESPECTIVELY OF R I  AN0 SI. L I N K 0 0 5 4  
C THESE OERIVATIVES ARE USE0 TO OBTAIN THE DERIVATIVES OF THE 0 L I N K 0 0 5 5  
C CONTRIBUTIONS I N  SUBROUTINE DERIV. L I N K 0 0 5 6  
C L I N K 0 0 5 7  
RlI.11 = E X P I - U l  L I N K 0 0 5 8  
L I N K 0 0 5 9  
R(I .21  = u L I N K 0 0 6 0  
LI NKOO6l R 11.31 = -U 
S l I . 2 1  = R ( I . l I * S ( I s l l * U  L I N K 0 0 6 2  
S l I . 3 1  = S ~ I . Z I * ~ S ~ I ~ 2 1  + u - 1.1 L I  NK0063 
IF1 TEST1 141 I YRITE~6.10181 U e R I I  111 .S(I .ll.I L I NKOO64 
1018 FORMATl7HO U = eE13.7. 6H R * vE13.7i 6H S = .E13.7r3X.3HI = L I N K 0 0 6 5  
9 s(r.1) = i./(i.-~t~,iii 
1 1 7 1  
10-C6NTINUE 
T F I T E S T f I 4 ) l  YRIFE 16.10051 




C OLN = LN 0. 00 = TOLNOIOT. DO0 = T 2 0 2 I L N  Ol/OTZ. 
C SUBROUTINE OSUM ACCUMULATES CONTRIBUTIf f lS OF LN 0 Am DERIVATIVES. 
C 
C ELECTRONIC PARTITION FUWTION--FORIVLA 1. 
00 = CT*TOO 
OLN = ALOGtSTYTI - Od 
OD0 = -2.0 * DO 
LABEL = LEL 
CALL OSUM l T E S T l 1 4 t l  
C 
C HARMONIC OSCILLATOR PARTITION FUNCTION--FORMULA 2. 
DO 15 r = 1. NNU 
OLN OLN + O N I I I  ALOG~SII.111 
00 = O O + O N l I l  * S l I r 2 1  
15 000 = OOO+ON(II  * S ( I . 3 1  
L I N K 0 0 6 6  
L I NK0067 
L I N K 0 0 6 8  
L I N K 0 0 6 9  
L I N K 0 0 7 0  
L I N K 0 0 7 1  
L I NK0072 
L I N K 0 0 7 3  
L I N K 0 0 7 4  
L I N K 0 0 7 5  
LI NK0076 
LI NKOO77 
L I N K 0 0 7 8  
L I N K 0 0 7 9  
L I NK0080 
L I N K 0 0 8 1  
L I  NK0082 
L I N K 0 0 8 3  
LI NK0084 
L I N K 0 0 8 6  










O W  - 000 - 00 
COR1 = 0 .  
LABEL = LHO 
CALL OSUH I TEST 114) I 
C 
C R I G 1 0  ROTATOR PARTITION FUNCTION--FORMILAS 3 AN0 4. 
LABEL = LRR 
I F  ITESTU(1) )  GO TO 20 
0 = l . O / l S Y H  CT B )  
00 = 1.0 
ow = -1.0 
GO TO 30 
00 = 1.5 
D O 0  - - 1 . 5  
20 0 = (l.O/CT**3 * 3.1415927/ (A*B*C)l **0.5*1.0/ SYH 
30 OLN I Aioito) 
CALL OSUH I T E S T 1 1 4 ) )  
C 
C EN0 RRHO CALCULATIONS. GO TO 900CC480) TO ACCUMULATE 0 FOR LEVEL- 




C ROTATIONAL STRETCHING--FORHULA 5. 
LABEL = LRHO 
OLN I R W T t I T )  
00 = OLN 
O W  I 0.0 
CALL OSUH I TEST4 14) I 
LABEL = LTHETA 
0=1.* l I T H E T A l 3 ) / T l I T l  + T H E T A l Z ) ) / T I I T )  + THETAIIII / T I I T )  
OLN = ALOG(0) 
L I N K 0 0 8 8  
L I N K 0 0 8 9  
L I N K 0 0 9 0  
L I N K 0 0 9 1  
L1NK0092 
L I NK0093 
L I NK0094 
L I N K 0 0 9 1  
L I NK0096 
L I N K 0 0 9 7  
L I N K 0 0 9 8  
L I N K 0 0 9 9  
L INK 0 100 
L I N K 0 1 0 1  
L I NK0102 
L I N K 0 1 0 3  
L I NKO 104 
L I N K 0 1 0 5  
L I N K 0 1 0 6  
L INK 0107 
L I N K 0 1 0 8  
L I N K 0 1 0 9  
L I N K 0 1 1 0  
L I N K 0 1 1 1  
L I N K 0 1 1 2  
L I NKOl13 
L I N K 0 1 1 4  
L I N K 0 1  IS 
L I N K 0 1 1 6  
L I N K 0 1 1 7  
L I N K 0 1 1 7  
00 = -( I3 . *THETAl3) /TCIT)  +2.*THETA12) l/TIITl + THETA1 11 I I T 1  I T I / O L I N K O l l 8  
000 = l t 2 . * T H E T A ( 3 ) / T l I T l  + T H E T A l 2 ) 1  * 3./TIITI + THETA1111 * 2. IL INK0119 
1 T C I T I  /O - 00**7 L I N K 0 1 2 0  
CALL OSUH (TESTI 141 I L I N K 0 1 2 1  
C L I N K 0 1 2 2  
C VIBRATIONAL-ROTAT ION INTERACTION USING ALPHA CONSTANTS--FORHULAS 8-10LINK0123 
LABEL = LALPHA L I N K 0 1 2 4  
00 3 9  I=l.NNU 
O L ( 1  I = A I t I ) *  ON111 
O L I  1) = .5*ONl II*AI (11**2 
OL( 11 = ON1 I I/6.*Atl I )*e3 
O L l 1 )  = O N ~ I ) / 6 . * A I l I ) * * 3  
CALL OERIV 1 1 ~ 0 ~ 0 ~ 0 ~ 0 ~ 1 ~ 0 ~ 0 ~ 0 ~ 0 . 0 )  
I F l T E S T W I 4 I  I GO TO 39 
CALL O E R I V  l I r O ~ O ~ O ~ O ~ I ~ I ~ O ~ O ~ O . 0 )  
CALL OERIV II~O.O.O~O~I~1 . I r O i O . O l  
CALL OERIV (1.. I .0*0.0. I v I I r O i  010) 
IF (TESTN(  1) 1 GO TO 39 
OI.11) A I J l I . 1 )  *ON111 
W 37 J - l.NNU 
O L ( 1 1  = A I J ~ I . J I * O N I I ) * O N l J l  
I F  1I.GT.JI GO TO 35 
CALL OERIV ( I ~ J t O ~ O ~ O ~ I ~ J ~ O ~ O ~ O ~ O ~  
35 OI .11 )  A I l I l * A I J I I ~ J l  * O N l I I *  ONIJ) 
I F  l I * E O . J )  O L l 1 1  OL(11  * 2. 
37 CALL OERIV (I.J.0.0.0.1 r I  rJ.O.O.01 
I F  INOATHS .GT.Z) GO TO 39 
C 
C FORMULA 11. 
o L r i i  = A I I I  
CALL OERTV I I ~ O ~ O ~ O ~ O ~ I ~ I ~ I ~ O ~ O ~ O ~  
CALL OERIV I I * I -0.0.0r I V I  * I  01 0.0) 
OL(11 = 4. * A t 1 1  
OL(1)  - A I 1 1  





I F  I T E S T t 1 4 ) )  NRITE (6.40) 
CALL OSUN l T E S T l 1 4 l l  
COR1 = 1.0 
40 FORHATl25HOFIRST ORDER CORRECTIONS 
- 
I. 
C F I R S T  ORDER XIJ--FORHULA 12. 
LABEL = L X I J  
00 50 I=I.NNU 
00 50 J=I tNNU 
CON = O N l I l * O N l J )  
I F  1I.EO.J) CON=CON+DNlII 
44 O L l 1 1  C O N * ( - C T I * X I I r J I  
50 CALL OERIV  I I ~ J ~ O ~ O ~ O ~ I ~ J ~ O ~ O ~ O ~ O ~  
L INK012.5 
L I NK0126 
L I NKO 1 2 7  
L INK0128 
L I N K 0 1 2 9  
L I N K 0 1 3 0  
L I N K 0 1 3 1  
L I N K 0 1 3 2  
L I N K 0 1 3 3  
L I N K 0  134 
L I N K 0 1 3 5  
L I N K 0 1 3 6  
L I N K 0 1 3 7  
L I N K 0 1 3 8  
L I NKO 139 
L I NKO 140 
L I N K 0 1 4 1  
L I N K 0 1 4 2  
L I NK0143 
L I N K 0 1 4 4  
L I NK0145 
L I NK0146 
L I N K 0 1 4 7  
L I N K 0 1 4 8  
L I NKO 149 
L I N K 0 1 5 0  
LINK0151 
L I N K 0 1 5 2  
L I N K 0 1 5 3  
L I N K 0 1 5 4  
L I N K 0 1 5 5  
L I N K 0 1 5 6  
L I N K 0 1 5 7  
LINK0158 
L I N K 0 1 5 9  
L I N K 0 1 6 0  
LINK0161 
L I N K 0 1 6 2  
L I N K 0 1 6 3  
L I N K 0 1 6 4  
L I N K 0 1 6 5  
L I N K 0 1 6 6  
L I N K 0 1 6 7  
L I NK0168 
L I N K 0 1 6 9  
L I N K 0 1 7 0  
L I N K 0 1 7 1  
L I NK0172 
L I N K 0 1 7 3  
L I N K 0 1 7 4  
74 
82 





















I I11l111ll I 1  
CALL OSUM I T E S T l L 4 1 1  
C 
C EN0 CALCULATIONS FOR PANOK AN0 JANAF. 
C 
C F I R S T  ORDER YIJK--FORMULA13. 
I F  l T E S T Y l 4 1 1  GO TO 900 
LABEL = L I I J K  
00 70 I=l.NNU 
DO 70 J ~ I I N N U  
00 70 K=J.NNU 
CON N O ( I t + l N D ( J l 4  K 0 l C ~ J l l * l H ) I K l +  K D I C v K 1 4  K D l J ' . K l l  
OLI 1IXCON * ( 4 T I  + Y l  I rJ.Kl  
CALI! OSUM I TEST( 141 I 
DATA L A X I 4 H A X I  J/rLG/4HG+AGI. LXZ / 6 H ( X I J 1 2 /  .LXY 
70 C U E  OERIV ( IeJiKrOeO.I .J.KrO.010) 
1 I 2HXY I LG2 I 5 H G 2 r  G X I  .LAX2 1 3 H A X 2 I  LFE RMI I 5  HFERMI  
C 
C F I R S T  ORDER ALPHA-XIJ INTERACTION-FORWLA 17. 
LABEL * LAX 
00 100 I=l .NNU 
AL A I ( I l * I - C T l  
00 100 J=l.NNU 
I F  I I ~ E O ~ J l O L l 1 l ~ A L + X l I ~ I l * 2 ~ + O N ~ I l * l O N ~ I l 4 l ~ ~ l  
I F  I I ~ H E . J ~ O L l 1 1 ~  AL * X l I ~ J l + O N ~ I l * O N l J l  
CALI! OSUM I TEST1141 I 




W 120 I=l.NNU 
IF lG l1 l .EO.Oi l  GO TO 120 
C 
C G I €  -CORRECTION-- FORMULA 16- 
LABEL = LG 
O L I  1 )=GI  I t * l - C T l * 2 .  
CALL DERIV 1 1 ~ 0 ~ 0 ~ 0 ~ 0 . 1 ~ 1 ~ 0 ~ 0 ~ 0 + 0 )  
OL(.ll = 4 . * G l l l * A I l I t * C T  
CALL OERIV l I r I r O i O ~ O ~ I ~ I e I ~ O ~ O ~ O l  
120 CONTINUE 
IFtLABEL.EO.LG1 CALL OSUM~TES141411 
I F  INOATHS aGT.21 GO TO 130 
C 
C YEZE FOR DIATOMIC MOLECULES--FORMULA 15. 
LABEL = LZ 
O L l 1 )  2 4 - + W X l 3 l * l - C T l  
CALL OERIV l l r l ~ l ~ l ~ O ~ l ~ l ~ l ~ l ~ O . 0 )  
CALL OSUW l T E S T I L 4 l I  
I F I Y F ~ E 0 . 0 ~ 0 1  GO TO 141 
130 CTT*CT +*2/2. 
C 
C FERUI RESONANCE-FORMULA 7. 
LABEL = LFERHI  
CORT = 2. 
U = CT*2.*VlPI 
RY= EXPI -U l  
SY= l.~~l.-RUI 
CON 3 WF**2*CTT *RY * SW+*2*SIZ.l1**2 
O L 1 3 1 =  -U 4 2.+RW*SW+U+lU 4 RY+SU*U-1.14 2.*S12r31 
CALL DER1 V ~ 0 1 0 1 0 ~ 0 ~ 0 ~ 0 ~ 0 ~ 0 ~ 0 ~ 0  v 0 1  
OLI 1 1  * -CON 
CALL DER I V  ( l r  0 ~ 0 ~ 0 ~ 0 . 0 . 0 ~  .0.0.01 
CALL O S W  l T E S T l l 4 1 )  
C 
C EN0 CALCULATIONS FOR NRRAOI. 
141 IF(.NOT.TESTYI3l l  GO TO 900 
I F  (TEST11411 WRITE 16.1421 




C X I J  - X I J  INTERACTION--FORMULAS 1 8  A M 0  19. 
LABEL = LX2 
CORT = 2.0 
00 180 J=I.NNU 
CON = O N t I l + O N l J I  
1FII.EO.JI CON = 2 . * O N l I ~ * ~ O N l I l + 1 . l  
OLf1)=CON+Xl11Jl**2+CTT 
00 2 0 0  I=l.NNU 
180 CALL OERIV 1 1 ~ J ~ 0 ~ 0 ~ 0 . 1 ~ 1 i J ~ J . O t 0 )  
W 200 J S l s N N U  
00 200 K=J.NNU 
CON ~Z'KO~JiKll*~1+KO~I~Jll*114KOII~Kll+NOlI~+~NOIJl*I(OlI~J~l* 
1 I NO( K I +KO1 I .K I I 
O L f l l  - CON X l I . J l * X ~ I . K l * C T T  
CALL OSUN ( T E S T t 1 4 1 )  
2 0 0  CALL OERIV l I ~ J ~ K ~ O . O ~ 1 ~ I i J ~ K ~ O ~ O l  
C 
L I N K 0 1 7 5  
L I N K 0 1 7 6  
L I N K 0 1 7 7  
L I NK0178 
L I NKO179 
L I N K 0 1 8 0  
L I N K 0  181 
L I N K 0 1 8 2  
L I N K 0 1 8 3  
LI N K O l 8 4  
LIMKO185 
L I N K 0 1 8 6  
L I N K 0 1 8 7  
L INKO 188 
L I N K 0 1 8 9  
L I N K 0 1 9 0  
L I N K 0 1 9 1  
L I N K 0 1 9 2  
L I N K 0 1 9 3  
L I N K 0 1 9 4  
L I N K 0 1 9 5  
L I N K 0 1 9 6  
L I N K 0 1 9 7  
L I N K 0 1 9 8  
L I N K 0 1 9 9  
L I N K 0 2 0 0  
L I N K 0 2 0 1  
L I N K 0 2 0 2  
L I NK0203 
L I N K 0 2 0 4  
L I N K 0 2 0 5  
L I N K 0 2 0 6  
L I N K 0 2 0 7  
L I N K 0 2 0 8  
L I N K 0 2 0 9  
L I  NK0210 
L I N K 0 2 1 1  
L I N K 0 2 1 2  
L I  NK0213 
L I N K 0 2 1 4  
L I N K 0 2 1 5  
L I N K 0 2 1 6  
L I N K 0 2 1 7  
L I N K 0 2 1 8  
L I N K 0 2 1 9  
L I N K 0 2 2 0  
L I N K 0 2 2 1  
L I NKO 2 2 2  
L I N K 0 2 2 3  
L I N K 0 2 2 4  
L I N K 0 2 2 5  
LI NK0226 
L I N K 0 2 2 7  
L I NK0228 
L I N K 0 2 2 9  
L I N K 0 2 3 0  
L I N K 0 2 3 1  
L I N K 0 2 3 2  
L I N K 0 2 3 3  
L I N K 0 2 3 4  
L 1 NKO235 
L I N K 0 2 3 6  
L I N K 0 2 3 7  
L I NK0238 
L I N K 0 2 3 9  
L I N K 0 2 4 0  
L I N K 0 2 4 1  
L I N K 0 2 4 2  
L I N K 0 2 4 3  
L I N K 0 2 4 4  
L I NKO245 
L I N K 0 2 4 6  
L I N K 0 2 4 7  
L I N K 0 2 4 8  
L I N K 0 2 4 9  
L I N K 0 2 5 0  
L I N K 0 2 5 1  
L I N K 0 2 5 2  
L I N K 0 2 5 3  
L I N K 0 2 5 4  
L I N K 0 2 5 5  
L I NK0256 
L I N K 0 2 5 7  
L I N K 0 2 5 8  
L I N K 0 2 5 9  
L INKO 260 
L I N K 0 2 6 1  
L I N K 0 2 6 2  
L I N K 0 2 6 3  
20 2 









2 7 6  
282 
28 3 




314 315 316 317 319 
32 5 
48 
C XIJ - VIJK INTERACTIOH--FORIIULAS 20 AN0 21. 
LABEL - LXV 
00 300 IrltNNU 
00 300 J*I.NNU 
00 300 K-1.NNU 
L INK0264 
LINK0265 
L I NKO 26 6 
LINK0267 
LINK0268 
CON - 2*( 1+KO( I .  J t )* (l+KO( 1.K) + KO( J. Kl ) * ( N O 1  I )  + KO( I .  J I )*NO( Jl LINK0249 
lINO(KI + KnlJ.Kl + KO(I.K)I L INK0270 
O L l 1 )  I COH*CTT*XlIrJl*V(I.J.KI LINKOZTl 
300 CALL OERlV II.J.Kr0.0.I.I. J. J.K.0) L INK0272 
00 400 I-l.NNU L 1NK02?3 
W 400 J-1.NNU L I NK0274 
00 400 K-l.MNU LINK0275 
00 400 L=K.NNU 
CON - ~ 1 + K O I I ~ J ~ ~ * l 1 + K O l I ~ K l + K O ~ I 1 L l l + n D ~ I ~ * ~ N O ~ J ~ + K O ~ I ~  
OL( I I  = CONWTT*X( I .J)*V( 1. K.L 8 
CALL O S W  I l E S T ( l 4 l )  
1+ KO(I~K))*(NOILI+ KO(I.L)+ KO(K.LI)*Z 




00 500 I - 1 . N N U  
IF IG(I)-EO.O.I GO TO 500 
C 
C GI1 - GI1 AN0 G I 1  - XIJ INl€RACTlllNS-FORMULAS 22 AN0 23. 
LABEL - LG2 
OLtlI - Z.*G(I)*+Z*C7T 
CALL DER IV I I. 0 S O  .O 0. I t  I .I .I  t 0.01 
W 490 J-l.NNU 
CON - 4.*G(II*XlItJI*CTT 
IF (1.EO.J) CON = 16.*G(II*tG(l) +2.*XlI.I)l*CTT 
OL(1)  - CON 
CALL OERlV lIrJ.O.O.O.1.I . I  .J.O.Ol 
O L ( 1 l  = CON 
IF (I.EO.JlOL(1l ./ C T T * 2 . * l G ~ I l + 1 2 . * X l I r l ) l + C ( I 1  
490 C U I  OERIV (I.IIJ~O~O~I.~~I.J.O.O) 
500 CONTINUE 
IFtLABEL.EO.LG2) CALL OSUM(TESTIl4ll 
r " 
C ALPHA - XIJ - KIJ INTERACTION--FORMULAS 24 THRU 27. 
. I  I **Z 
LABEL = LAX2 
00 600 I=l.NNU 
AL - AI(I)*CTT 
OLII) I 4 . * A L * ~ X l I ~ I ~ * O N l I l * ~ O N ~ l ~ +  
CALL OERIV 1.1.1 . I  . I  . I  . I .  1.1. I .0l  
00 600 J-I-NNU 
IF II.EO.JI CON = 4.*ON(II*(ON(Il+l 
IF II.NE.JI CON - ON(I)*ON(JI 
O L I I )  = CON*XII.J1**2*AL 
CALL OERIV ( 1  s J .0.010. I e 1.1's J. J.0) 
00 600 K*l.NNU 
CON = t l +  KO(I.JII*Il+ KO(I~K)I*NOI 
I 
LINK0276 
, JI I*( NO( KlLINKO277 
LINK0278 
LINK0279 

































L INK03 13 
LlNK0314 . . -. .
l*#NOI Jl+ KO11 J1 )*lNO(KI+ KO(LINKO315 
1I.K)) LINK0316 
OL( I1 - CON*AL*XlI. Jl*X(I .Kl LINK0317 
CALL OERlV ( 1. J.Kv010. I V I  1. J. K.01 L INK0318 
O L ( I )  - CON*AL*X(I.JI*X(I~K) LINK0319 
CALL O E R l V  f 1. J.K. 1.01 1 . 1 .  I IJ. K.01 LINK0320 
CON - I l +  KOIItJI)*~l+ KO(JtKlI*I2- KOlI.K)I*NO(I)*(NOIJ~+ KOlI.JlLINK0321 
1)*((1+ KO( I.Kll*NO(K)+ KO(I.K)+ KO(J.Kl+ KOII~JI*KO(J~KII L I NKO 322 
OLIlI - CON * AL* X1I.J) * X1J.K) 
CALL OERIV I I ~ J ~ K ~ O ~ O ~ I ~ I  .J.J.K.Ol 
CALL OSUMI TEST( 1 4 )  I 
600 CONTINUE 
900 IF (TESTY(61) GO TO 902 
c 
C CALCULATIONS FOR SPECIES Y I T H  ONE ELECTRONIC STATE 
r 
FHRT(1Tl - OLNTOl 
CPRIITI - O W T O T  + 2.*OOTOT 
GO TO 1000 
nmT( i i )  = DOTOT 
C 
C CALCULATIONS FOR SPECIES WITH EXCITED ELECTRONIC STATES 
C 
902 IF (0LNTOT.LE.BI.) GO TO 903 
YRITE (6.21 
2 FORMAT(44HOO TOO LARGE TO INCLUOE EXCITED STATES. Ck8Ol 
3 IF (1CARO.NE.NSUBl RETURN 
CALL INPUT(LINES1 
GO TO 3 
FHRTIITI = 0101 + FHRTtlT) 
HHRT(I1) = OOTOT*OTOT + HHRT(1TI 






















































k69 470 k71 
49 
FUNCTION K O ( I v J 1  
KO = 0 









SUBROUTINE OERIV ~ I 1 . I 2 . 1 3 ~ 1 4 ~ I S ~ J l . J 2 ~ J 3 ~ J 4 ~ J ~ ~ J 6 l  
C 
C F I N O  0 DERIVATIVES.  
C 
OERIOOO 1 
COMMON /YCDMMN/ V f 2 0 l  *ON( 201 .ND(20) . X C 6 9 6 I  eY(6 .6 .6  I . N N U * A L F I ( 6 ) .  YOOL0013 
1 A L F B ( 6 I .  A L F C f 6 l .  G(6l+ YXI6I. BETA(61.  A. 8. C. RH. 0. YF. HI D E R 1 0 0 0 3  
2 SYM. STYT. TOO. T H E T A ( 5 l  vTESTW(6) .R ( 2 0 . 3 1  .S( 20.3) .OL( 3 )  s 0 .  O L N ~ 0 0 ~ O E R I O 0 0 4  
3 O W ~ L A 6 E L ~ O T O T ~ O L N ~ ~ ~ O O T O T ~ D W T O T ~ C O R T ~ A I J ~ 6 ~ 6 ~ ~ A I I I r A 1 ~ 6 I ~ N S U 6  OERIOOOS 
C DER I0006 
-90 D E R 1 0 0 0 7  
C DER I0006 
OiMENSION I ( 5 1 .  J 1 6 )  D E R 1 0 0 0 9  
I (1)  = I 1  DER I O 0  10 
I ( 2 )  = I 2  D E R 1 0 0 1 1  
1 t3 I  = I 3  D E R 1 0 0 1 2  
1 1 4 1  * I4 D E R 1 0 0 1 3  
I ( 5 )  = I 5  O E R I 0 0 1 4  
J ( 1 l  * J1 DER1 0 0 1 5  
J t 2 )  = 5 2  D E R 1 0 0 1 6  
J(3)  = 5 3  D E R 1 0 0 1 7  
J (4 )  = 5 4  DER10018 
J t S )  = J S  D E R 1 0 0 1 9  
J (6 )  = 5 6  DER1 0020 
OATA I F E R M I t S H F E R M I /  OERIOOZI  
I F  (LABEL.EO. IFERMI l  GO TO 6 OERIOOZZ 
OL( 2 I =O. O E R I 0 0 2 3  
OL(3)SO.  D E R 1 0 0 2 4  
8 00 10 1R11.5 DER10025 
K = I( I R )  DER10026 
IF(K.EO.01 GO TO 20 D E R 1 0 0 2 7  
O L t l I  = O L I l ) * R ( K . l I  D E R 1 0 0 2 8  
O L ( 2 I  = O L ( Z I + R f K . Z )  DER10029 
10 O L ( 3 )  = O L ( 3 ) + R ( K . 3 )  D E R 1 0 0 3 0  
20 00 30 I S  ~1.6 D E R 1 0 0 3 1  
D E R 1 0 0 3 2  K = J t I S I  
I F  (K.EO.0) GO TO 40 D E R 1 0 0 3 3  
O L f 1 )  = O L ( l l * S ( K 1 l )  D E R 1 0 0 3 4  
O L ( 2 )  = O L ( 2 I + S ( K 1 2 )  DER10035 
30 O L 1 3 )  = O L ( 3 I + S ( K 1 3 I  DER10036 
40 OLN = OLN + O L ( 1 I  DER10038 
OCORT = OL(2) - CORT D E R 1 0 0 3 9  
DO = OCORT*OL( l )  + 00 D E R 1 0 0 4 0  
000 = O L ( l ) * ( O L ( 3 l + O C O R T * * Z  - OCORT) + 000 DER I0041 
RETURN OERIOO42 
END OER I0043 
51 
SUBROUTINE OSUM t l E S 1 )  OSUM0001 
C 
C ACCUMULATE VALUES OF 0 AND I T S  D E R I V A T I V E S -  
C 
COIIMON /WCOMMN/ V t  201 . DN( 201 .NDtZO) eXt6.6) .Y (6  ~6.6 1 .NNU* A L F A ( 6  8 WOOL0013 
1 A L F 8 t 6 ) .  A L F G t 6 1 .  G ( 6 ) .  WX(6). B E T A t 6 ) .  A. 8. CI RH. 01 WF. W. OSUM0003 
2 SYM. STYT. TOO. T H E T A t 5 I ~ ~ S T W ~ 6 ~ ~ R ~ 2 O . 3 I . S ~ 2 0 ~ 3 ~ ~ O L ~ 3 l ~ 0 ~ O L N ~ O ~ ~ O S U M 0 0 0 4  






L O G I C A L  TEST 
I F  t .NOT.TEST I GO TO 8 
0 = 0. 
I F  t ABS( OLN 1 .LE .88. I O=EXP( O L N I  
CPROUT = O W  + 2. DO 
Y R I T E  (6.61 LABEL.O~QLNIOO~CPRWT 
F O R M A T ~ ~ X . A ~ I E ~ I . ~ . ~ F I ~ . ~ I  
OLNTOT = OLNTOT + OLN 
DOTOT = DOTOT + 00 
OOOTOT = O W T O T  + OD0 
OLN = 0.0 
00 = 0.0 










o s u M o o 2 o  
OSUMOOZl 
0 s u M 0 0 z 2  






SUIROUTINE DELH OELHOHIWI 
COMMON NAME1 21 SVM8OL I701 .ATMYTI701 tReHCK.ELECTR. ICAR0. I  WORO(5l. OELHOOOZ 
I Y O R 0 l 4 l ~ T E S T ~ 2 0 l ~ W E I G H T . F O R ~ A I S ~ ~ H L A ~ 5 ~ ~ 6 L A N K t E L E W N l ~ 7 O ~ ~  O L H 0 0 0 3  
2 NATMI~NT~CPRI202l~HHRTl202l~ASINOH~TIZOZl~ASINOltFHRTl202~tOELMOOM 
4 SPECH.TAPEI606 I ~ C T ~ L T r P E X ~ 1 0 I ~ T R A N G E ~ I O I ~ T C O N S T ~ N K I N O t  OELH OO6 
5 N F ~ L l N E S ~ I T ~ ~ N T M P ~ A G l 7 O l t G G I 7 O ~ ~ N l T ~ P l ~ H 2 9 8 H R ~ I H E A T ~ J F l 5 l  O L H 0 0 0 7  
C O W M N / P C H / K ~ N F I ~ N F 2 ~ A N S I 9 ~ l 5 l ~ T C l l O l ~ N T C ~ r * P ~ L O A T E ~ ~ N ~ N L A S T  OELHOOOI 
3 S C O N S T ~ N O A T M S ~ M P L A C E l 7 D 1 t L R A C E l 7 0 l ~ N ~ A l 7 O l ~ N O F I L E t  DELHOOOI 
C 
C 5 l O  
C 
EOU I VAL ENCE 
OATA I DEL H/6HOELTAH/. IO I SI6HDI SSOC /* I ASH /6HAS I NOH/. I 8 / l H  / 
LOGICAL TEST 
INTEGER ELEMNT 
I F  ( T E S f l l 8 1 1  GO TO 67 
I F 1  T F S T I  131 .*wO.ASINOT.E0.298.15~ TESTI8I=.TRUE. 
I F  l T E S T I 8 l l  GO TO 66 




T E S T ( l 7 )  = .FALSE. 
1066 I F I T E S T I I S I I  CALL LEAST 
RETURN 
67 I F  (TEST1811 GO TO 69 
I F  (IHEAT.FO.IASH .AND. AStNDT.EO.298.15l GO TO 68 
ASINIHI = 0. 
GO TO 66 
T E S T t 8 l  = .TRUE. 
I AWE t NAM I 
I2 I F  IIHEA7.EO.I8l GO TO 164 
1064 FORMAT ( 4 2 H O l N S l F F I C l E N T  OATA FOR AN HO VALUE. C510 I 
66 I F  I.NOT.TESTII711 GO TO 1066 
68 T E S T 1 1 3 1  = .TRUE. 
69 m ro i = 
HMTIII = 
70 F M T I  I 1  = 
GO Tfl  66 
C 
C 5 2 0  
C 
I20 I F  ( I H E A T  
I F  ( I H E A T  
I F  I I H E A T  
1.  NT 
H M T I  I 1  - ASINOH/ (R*T l I  1 )  
F H I T I I I +  ASINOH/(R*T~lll 
.EO. I A S H I  GO TO 167 
.EO. I O E L H I  GO TO 166 
.EO. 101s) GO TO 166 
164 W R I T E l 6 . 1 6 5 )  
I 6 5  FnRMATI92HOEITHER 













I 8 7  
I 8 9  
185 
I80 
LINES = L I N E S  + 2 
T E S T 1 8 1  = .FALSE. 
RE TURN 
ASINOH * ASINOH - 
T E S T ( 8 l  = .TRUE. 
G n  TO 66 
OELHO009 
DELHOOIO 
O E L H O O l l  
OELH0012 












O E L H 0 0 3 0  
D E L H O O I I  





D E L H 0 0 3 7  
OELMO03B 










o E L n o o 4 9  
OELHOO 
~ S I N O H ~ O E L T A H ~ H F 2 9 8 ~ l P A T O M t O R  OISSOC WAS NOT FOUOELHOO 




















I F  ( I H E A T  .EO. I D E L H I  ASINOH =ASINOH- SPECH 
I F  I I H E A 7  .EO. IOIS) ASINOH =-ASINOH- SPECH 
M I 8 0  I = I.NKIND 
J = J F t l I  
REWINO 3 
IFtIHEAT .EO. IOELHl  N - L P L A C E I J I  
I F I I H E A T  .EO. I O I S I  N = MPLACE(J1 
I F  IN.EO.0) GO TIY 200 
CALL S K F I L F  l3 .N)  
REA01 3 I 
I F 1 A S I N 0 T ~ E 0 . 0 ~ 0 1  GO TO 185 
NOT = TWO + 0.0000001 
KK = 3*NOT 
00 186 K - 1. NOT 
I F  I T A P E I K  1.GE.ASINOT-0.0000001) GO TO 187 
CONTINUE 
WRITF (6.1881 
FORMATl5OHOHHRT FOR ASINOT WAS NOT FOUNO Ow EF TAPE. C 5 3 0  
GO TO 100 
MAR. HZERO. PT. TWO 
R E A 0  131 I T A P E I K I .  K = 1. K K I  



















~ 0 € L t 4 o 0 8 0  
OELHOO8l 
WRITE f6.2011 F O R M L A I I I  
FORMAT 11H0.116. 4OHOATA WERE NOT FOUNO ON E F  TAPE. C 5 3 0  I 
GO TO LOO 
ICK - NOT + K 
HA = T A P E l K l * R * T A P E I K K l  + HZERO 
I F I I H E A T  .EO. lOELHlASINOH=ASINDH+FLOATl1IIAlIll*HA/FLOATlNMLA~J~l 
I F  I I H E A T  .EO. I D I S )  ASINOH = ASlNDH + F L O A T I H L A ( I  ))*HA 
GO TO 180 
HA = HZERO 
GO TO 189 
CONTINUE 
GO TO 162 
END 
~-~ ~ . _ _  
OELHOOIZ 








D E L H 0 0 9 1  
OELHO092 













SUBROUTINE TABLES TABLOOOI 
C 
C L I S T  F I R S T  2 TABLES OF THERHOOYNAHIC FUNCTIONS. TABLO002 
C TAM0002 
CWI ION N A H E 1 2 ) r S Y H B O L I 7 O I  ~ A T H Y T ( 7 O )  r R . H C K ~ E L E C T R ~ I C A R O ~ I Y O R O ~ 5 ~ r  T A B L 0 0 0 3  
1 Y O R O ~ 4 ~ ~ T E S T ~ 2 O ) ~ Y E I G H T ~ F O R I Y A ~ 5 ~ ~ 1 1 1 A ~ 5 ~ ~ B L A N K . E L E H N T ~ 7 0 ~ .  T A B 0 0 0 4  
2 NATOH~NT.CPR~202~~HHRT~2O2~.ASINOH~T~2O2~~ASINOT~FHRT~2O2~~TABLOOO5 
3 SCONST.NOATMS.MPLACE (70 ) .LCLACE(7OI * N H L A ( 7 0 )  .NOFILE* T A B L 0 0 0 6  
4 S P E C H ~ T A P E ~ 2 0 2 ~ 3 ~ ~ P T M E L T ~ P E X ~ l O ~ ~ T R A N G E ~ 1 0 ~ ~ T C O N S T ~ N K I N O ~  A B L 0 0 0 7  
5 NF.LINES. ITR.NT~P.AG(70~~GG(7O~.NIT .PI rH298HR T A I L 0 0 0 8  





1 1 FORMAT ( lHO.ZA6)  
-
C 5 5 0  
C 
00 2000 I = 4.8 
2000 F H T f I )  = F F ( 3 )  
F H T ( 9 1  = F F ( 7 )  
H E A O l ( K + B )  = F F t K - 1 1  
HEAD2(K+2)  = F F ( K + 5 I  
H E A O l ( K )  = F F t t O )  
00 2 0 0 5  K t 1 5 . 1 6  
H E A D l t K - 7 )  = F F ( 1 0 )  
2005 HEAOZlK-1 )  = F F I 1 0 )  
H E A D l ( 2 0 )  = F F ( 1 6 )  
H E A D 2 ( 8 1  = F F ( 1 0 )  
I F ( T E S T ( 1 3 ) )  GO TO 2008 
HEAOL ( 6 ) = F F ( 2 2 1  
HEAD1 ( 7 I = F F ( 2 6 )  
HEAD1 ( 1 3 ) = F F ( 2 3 )  
HEAD1 ( 14 )=FF ( 26 1 
H E A O t ( 6 )  = F F ( 2 4 )  
HEADZ( 1 2 ) = F F (  25) 
HEAOZ(13)  = F M T ( l l l  
00 2 5  I = l r N T  
I F ~ A B S ( T ( 1 ) - 2 9 B . 1 5 ) . G T . O 1 )  GO TO 2 5  
H29BHR = HIIRTtI )  * T I I )  
GO TO 24 
2 5  CONTINUE 
I F  (H298HR.EO.0.1 GO TO 2009 
24 H E A O l t B I  = F F ( 1 1 I  
H E A O l l 9 )  F F f  13) 
HEAO1( 151= F F (  121 
H E A D l t  1 6 1 =  F F t  1 3 )  
HEADZ( 6) = F F t  17) 
HEAOZt 1411 F F (  18) 
HEAOZt 1 5 ) =  F F I  19) 
GO TO 2010 
C 
C56O - c 
2 0 0 8  HEADlt 6 )  = F F l  11 ) 
HEAOlt 71 I F F (  1 3  ) 
HEAOl (  13) =FF( 12) 
HEAOlt 1 4 ) = F F (  13) 
HEAOP( 6 I =FF(  17 I 
HEADZ( 121 =FF( 181 
HEADZ( 13) =FF( 19) 
2009 HH29 = F F ( 1 0 )  
F H 2 9  = F F ( 1 0 )  
F H T 1 5 )  = F F ( 6 I  
F M T I 8 )  = F M T ( 5 )  
H = F F ( 1 0 )  
F  = F F ( 1 0 )  
F M T ( 9 )  = F F ( 9 )  
00 2 0 1 5  KK=18.19 
H E A O l f K K + l )  F F (  10) 
2 0 1 5  HEAOZ(KK-1)  F F t l O I  
HEAOlI 181 = F F t  10) 











T A B L 0 0 3 3  
T A M 0 0 3 4  
TABLOO36 
T A B L 0 0 3 7  
TABL003B 
T A B L 0 0 3 9  
TABLOO40 
T A B L 0 0 4 1  
TABLOO42 
T A B L 0 0 4 3  
TABLOO44 
TABLO045 
T A M 0 0 4 6  
T ABL a047 
T A M O O I B  
TABLO057 
T A B L 0 0 5 9  
TABLOO50 
T A B L 0 0 5 1  
TABLOO52 





T A I L 0 0 6 1  
TABLO062 
TABLO063 
T A B L 0 0 6 4  
T A M 0 0 6 5  
TABLOO66 




T A M 0 0 7 1  
1 ABL 0 0 7 2  




C 5 7 0  
C  
2020 Do 3 0 0 0  NTABLE 1.2 
I F I T E S T I B ) )  GO TO 5 5  
WRITE 16~51) 
GO TO 22 
51 FORMAT (30HONO HZERO VALUE IS AVAILABLE 
5 5  IFI.NOT.TEST1 1 3 ) ) Y R I T E ( 6 . 5 6 )  ASINOH 
5 6  FORMAT (BHOHLERO = F12.3) 
I F I T E S T I  13) t U R I T E l 6 . 5 7 )  ASINOH 
5 7  FORMAT (BHOH298 = F12 .3 )  
2 2  I F 1  NTABLE.EO.1) M I T E ~ 6 t H E A O l l  
IF(NTABLE.EO.2) Y R I T E ( 6 r H E A O 2 )  
F M T l 1 0 )  = F M T ( 9 )  
L I N E S  = L I N E S  + 8 
I T  = T I 1 1  
FMT121  = F F ( 1 )  
T I  = T I 1 1  
F M T ( 2 )  = F F I Z )  
2130 ART = R*TIIt 
AR = R 
I F  (NTABLE.EO.2) GO TO 2 1 3 5  
AR = 1. 
ART = 1. 
2 1 3 5  CP = C P R I I ) * A R  
HH = HHRTI I )  ART 
S = (FHRTI I )  + HHRT(1))  * AR 
F H  = F H R T I I I  ART 
I F  (.NOT.TEST(B)) GO TO 2120 
H = I HHRTI I ) + A S I N O H / R / T I  I 1 )*ART 
F  ( F H R T I  I ) - A S I N O H / R / T ( I  3 ) *ART 
HH29 = I HHRTI I ) - H 2 9 8 H R / T l  I )  ) *ART 
F H 2 9  = ( F I I R T I  I ) + H 2 9 8 H R / T l  I ) ) *ART 
L I N E S  = L I N E S  + 1 
I F 1  L I N E S  .GE - 5 5 )  C A L L  PAGE IO1 L I N E S )  
CALL P A G E I O ( L 1 N E S I  
I F  (NTABLE.EO.2) GO TO 4000 
00 2100 I = 4 ? B  
F M T f 6 )  = F F ( 5 1  
I F ( T E S T ( B ) )  F M f ( 9 )  = F f I 8 )  
00 3 9 9  I 1. NT 
I F ~ A M O O ~ T ~ I ~ ~ l ~ O ~ ~ E O ~ O ~ ~  GO TO 2130 
2120 I F  (H29BHR .EO. 0 . )  GO TO 2 5 0  
2 5 0  WRfTE 16.FMTI T I ~ C P V H H . H H ~ ~ . S . F H . F H ~ ~ * H , F  
3 9 9  CONTINUE 











T A B L 0 0 2 9  
TABL 0 0 3 0  
TABLO031  









T A B L 0 0 8 9  
T A B L 0 0 9 0  
T A B L 0 0 9 1  
TABLOO92 
TABLOO93 
T I E L 0 0 9 4  
T A B L 0 0 9 5  
T A B L 0 0 9 6  
T A B L 0 0 9 7  
T ABL 0 0 9 8  
T  ABL 0099 
TABLO100 











T A B L O l  13 
T A B L O l  1 7  




6 7  
70 
7 2  




SUBROUTINE LOGK LOGKOOO1 
COMMON NAME~2l~SYM8OL~TOl~AR(YT~70lrR~HCK~ELECTR~ICARO~IUORO~5l~ LOGIC0002 
1 U O R O ~ 4 1 ~ T E S T ~ 2 0 l ~ U E l G H T ~ F O R ~ A ~ 5 l r M L A ~ 5 I ~ 8 L A N U r E L E M N T ~ 7 0 l ~  LOGIC0003 
2 N A 1 0 H ~ N T ~ C P R ~ 2 O 2 l ~ H H R T f 2 0 2 l ~ A S I N O H ~ T ~ Z 0 2 l ~ A S 1 N D T ~ F H R T ~ 2 0 2 l ~ L O G K O O ~  
3 SCONST~NOATMS~MPLACE~701~LPLACE~70l~NHLA~7Ol~NOFILE~ OGK0005 
4 S P E C H I T A P E ~ ~ ~ ~ ~ ~ ~ ~ P T W E L T I E X P ~ ~ O ~ ~ T R A N G E ~ ~ ~ ~ ~ T C O N S T ~ N K I N O ~  LOGKOOO6 







OIHENSION LMENTl41 r P T ( 4 l  O(2. Z t Z O Z  I .OHO( 21 rNTX(2 I . I  N I T  (21, FF(  10 lrLOGK0011 
1 MARK(61 .TK(3 l  .FHT1(14l .FHTZ( 1 4 1  vFMT3t 161 LOGIC0012 
EOUIVMENCE IIT.TI1 LOGUOO13 
LOGICAL TEST LOGK0014 
LOGIC0015 
DATA 8LK/ lH  /. ZERO/lHO/. ZER04/4H 01. OS1/4H---/~OSZ/3H--/ LOGIC0016 
O A T A ~ F F ~ I l . I ~ l . 7  1/4tH(2H .(ZH CvF9.2. 16.3X.6X.A6.7X.A6.F13.4.I.LOGUOOl7 
1 I F H T I ( J l . J ~ 3 . 8 1  /5HF8.4.. 3*6HF10.4.. 2*6HFl2.4./. LOGUOO18 
2 ( F M T 2 ~ K I . K ~ 3 . 7 1  1301F8.4. F l 2 . 1 ~ F 1 2 . 4 r F 1 2 . 1 ~ F 1 3 . L . I .  LOGIC0019 
3 (FwT3f L I .L=lv 161 /91W 6X. lH016X*6H----- .9X.lH0.7X.A4rA3.9X.lHO, LOGIC0020 
4 LOGuOO21 
5 (FMll~Nl.H=12.131/7H l / r  1 F W T 2 ( N I ~ N ~ 1 2 ~ 1 4 1 / 1 3 H  l/.LOGU0022 
6 FF( 9 1  / ~ H S X I A ~ I / . F F  10s “HF 11.1 I / LOGK0023 
I K  = 0 LOGIC0024 
FMT31101 = FHT2(71 LOGU0025 
FMT3113) = FMTZ(71 LOGU0026 
00 195 I = l r N T  LOGUOO27 
00 1 9 5  L L l l r 2  LOGUOO28 
O(LL.1.11 = HHRT(I1 LOGU 0029 
O( LL. 2. I I = FHRTC I I LOGK0030 
I N I T ( L L 1  = 1 LOGUOO31 
NTX(LI.1 = 0 LOGK0032 
1 9 5  OHO(LL1 = ASINOH LOGIC0033 
C LOGIC0034 
C590 LOGU 0035 
C LOGUOO36 
00 ZOO I 1  = 1. NKINO LOGU0037 
J = J F t I I l  LOGU0038 
C LOGU0039 
C L L r l  FORMATION FROM THE ELEMENTS LOGUOOSO 
C LL-2 FORMATION FROM THE HONATOHIC GASES LOGUOO41 
C LOGU 0042 
202 LL = 1 LOGUOO43 
I F  tWPLACE(J1 .EO. 01 OHO(21 = BLK LOGUOOU 
I F  fLPLACE(J1 .EO. 01 OHO(11 = BLK LOGIC0045 
I F  ( N A M E I l I  .EO. ELEHNTtJ I l  O H O ( L 1  = ZERO4 LOGKOO46 
I F  ~.NOT.TEST~31.AND.TEST~4l.A~.NOATWS.EO.ll D t I O f t l  = ZERO4 LOGUOO47 
IF~DHO~1I.NE.ZERO4.ANO.OHO~1l~N.8LUl GO TO 505 LOGIC0048 
FWT3f101 = F F ( 6 1  LOGU0049 
2 0 4  LL = 2 LOGKOOSO 
IF~OH0~2l.NE~ZERO4.AHO.OH0f2l.IE.8LKl GO TO 505 LOGKOO51 
FWT31131 = F F l 6 1  LoGUOO52 
GO TO 501 L OGU 005  3 
INTEGER ELEMT. FORMA. srneoL 
F15.1 s F 13. I v 6X. M--FL 3.1.6X.7H- - I / .  
5 0 5  IF (LL.EO.11 NN LPLACEfJ1 
I F  (LL.EO.21 NN = WPLACE(J1 
IF(NN.EO.01 GO TO 501 
REUINO 3 
C 
C REAO EF DATA FOR REACTANT FROM TAPE 
C 
CALL SKFILE (3.”) 
REAO (31  NAM. HZEROt AMP. THO 
M = THO 
REAO ( 3 1  I(TAPE(UvL1. K-1.R). L l l . 3 1  
SUB = MLA( I 1  I 




C F I N O  INOEX(NHP1 FOR M.P.IAWP1 OF REACTANT 
C 
I F  (AMP.EO.O.1 GO TO 1 2 4 1  
00 1505 Kl1.M 
I F  (TAPEIK.lI.LT.AHP1 GO TO 1505 
NWP = K + 1 





1241 00 206 I=l .NT 
C 
C F INO 1 I N  EFOATA 
C 
I F  Il.EO.11 GO TO 2 4 1  
IF~T~Il.GT.AMP.ANO.A~P.GE.T~l-lll GO TO 308 
I N I T f L L I  = I N I T ( L L 1  + 1 
GO TO 206 
241 I F  ( T A P E ( l r l 1  . L E . T ( I l l  GO TO 208 
C 
C HP OF REACTANT. PUT * IN MARU FOR FOOTNOTE 
C 
308 I F  IIK.LT.41 I K  = IK+1 











































P T t  110 = AMP 
L M E N T I I K I  ELEMNTtJI  
GO TO 241 
I F  I~AMP~EO~O.l~OR.INT~TNOI.LE.NMP1 GO TO 
M NM? 
I F  1TIII.LT.AHP) GO TO 1208 
K 1  = NMP 
M = THO 
1208 W 209 KIK1.M 
TK(2 )  = TAPE(K.2) 
T K ( 3 1  = TAPE(K.3) 
I F  IABS(TAPE(K. l ) -T(I))  .LT.O.OlI GO TO 211 
IF(TAPElK.1I.LT.T(Il l  GO TO 209 
tF ItM-Kll.EQ.01 GO TO 209 




C INTERPOLATION OF EF DATA 
C 
N=4 
I F  ((I-KlI.LT.31 N=M-Kl+l 
K2-K-2 
I F  (K.EO.Kl1 K2=K 
I F  (K.EO.IKl+ll) K2=K-1 
NK K t+N- l  
W ZOO0 L=2.3 
TK(L1  = 0.0 
W 2000 JJ=KZ.NK 
T K ( 1 1  = 1.0 
00 1000 JM=l.N 
I M=KZ+ JM- 1 
1208 
I F  ITAPE(JJ~l).EO.TAPE (111.111 GO TO 1000 
TK I 1) = T K I  1 ) * IT (  I )-TAPE1 I M .  11 I / I  TAPE1 J J v l  )-TAPE( IM. 1 I 1 
1000 CONTINUE 
2000 T K I L I  = T K l L l + T K l 1 ~ * T A P E ( J J ~ L I  
GO TO 211 
2 0 9  CONTINUE 
C CALCULATE DELTA H AND DELTA F 
C 
211 O(LL. 1. I ) = D(LL. l r  I )-TI(( 2)*SUB/COEF 
206 CONTINUE 
500 I F  ILL.NE.21 GO TO 204 
200 CONTINUE 




C L I S 7  HEADING OF F IRST TABLE 
C 
501 WRITE 16*32Ol NAMEI1). N A M E I Z I  
320 FORMAT ( 1 H  Z A 6 1  
.F ( .NOT.TEST( a i  i co m 321 
I F  f.NOT.TESTI13)I WRITE (6.3221 ASINOH 
I F  ( T E S T ( l 3 ) )  WRITE16.323) ASINOH 
322 FORMAT I BHOHZERO = F12.31 
323 FORMAT IBHOH298 - F12.3 ) 
3 2 1  WRITE (6.2201 
220 FORMATI 1H ~ 7 7 K .  42HREFERENCE ELEMENTS GASEOUS ATOMS 
IF( .NOT.TEST(1311 WRITE(6.2051 
205 FORMATI123H T CP lR  1H-HO)IRT S I R  -1F-HOlIRT 
l H l R T  -F/RT DELTA H l R T  -0ELTA F i R T  DELTA H lRT  -DELTA 
2RT I 
- I F  I T E S T I 1 3 l l  H I I T E I 6 r 1 2 0 S l  
l H l R T  -F IRT  DELTA H l R T  -DELTA F l R T  DELTA H/RT -DELTA 
7 R T  I 
1205 FORMATI 123H C P I R  tH-H298)lRT S I R  -(F-H298 ) / I T  
-LINES = i o  
101 DO 229 NTAILE  = 1.2 
00 600 I=l.NT 
I T  = T I 1 1  
F M T l I Z I  = FFI4) 
FMTZIZ) = F F l 4 )  
I F  (AMOD(T~II~1.Ol.EO.O.l GO TO 103 
T I  = T t l )  
F M T l ( Z 1  = FF(31 
FMTZ(2) = F F ( 3 1  
HOORT ASINOH I RT 
SR F H R T I I I  + H H I T I I I  
HRT = HHRTI I 1  + HOORT 
FRT F H I I T I I )  - HOORT 
I F  INTABLE .EO..?# GO TO 18 



















LOGK 0 110 
L O G K O I 1 1  
LOGKO112 
LOGKO 1 13 
LOCK0114 
LOGKO 1 IS 
LO6KO116 
L O G K O l l l  















LOU0133 ~ . . . - -. -
LOGKOl34 







































L f f i K O l l 1  
LDGKO112 
LOGKO 113 














LO = 9 
DO 803 L L t l . 2  
8 2  = ZERO 
IF(OHOlLL).EO.ZERO41 GO TO 26 
57 





82  = BLK 
IF(OHO(LL).ELl.BLK) GO TO 26 
I F ~ ~ I . G T . N T X ~ L L ~ . A N O . N T X ~ L L ) . N E . O ~ . O R . I . L T . I N l T ~ L L ~ ~  
O(LL.1.I) = O(LL.l.11 + OHO(LLI/RT 
O(LL.2.11 = O(LL.2.11 - OHO(LLI/RT 
F M T l I L O I  = FMT1171 
GO TO 8 0 3  
O(LL.1.I) = 87. 
O(LL.2.11 = 82 
F M T l ( L 0 )  = F F ( 5 1  
LO = 11 
F M T l ( 1 0 )  = F M T l ( 9 1  
F U T l (  12) = FMTl (  11) 
GO TO 217 
c 
C CALCULATE DIMENSIONAL PROPERTlESt OELTAHt AND I 
C 
18 CP = C P R f I )  R 
HH = HHRT(1) * RT 
S = S R * R  
H = HRT * RT 
F H  = FHRTt I )  * RT 
F = FRT * RT 
402 FMTZ(JX1 = F F ( 6 I  
00 4 0 2  J X  t 8.11 
I D  = 8 _- - 
00 404 L L t l . 2  
IF(O(LL.l.I).EP.BLKI GO TO 404 
lF(O(LL.l.I).NE.ZERO) GO TO 403 
OtLL. 1.1) = ZERll4 
O(LL. 2.11 = ZERO4 
GO TO 404 
O ( L L v l . 1 )  = O(LL . l r I ) *RT  
FMTZ(L01 = FMTZ(7) 
FMT2(LO+1) = F F ( 7 )  
403 O(LL12r11  = O(LL .2*1 ) /2 -3025851  
404 LO = 10 
2 1 7  F M T l ( 1 )  = F F ( 1 )  
I F  (IK.EO.01 GO TO 2999 
00 104 I X  a 1.IK 
I F  (MARK(IXI.EO.II F M T l ( 1 )  = F F ( 2 )  
104 CONTINUE 
.OGK 
GO TO 26 
2999 FHT211) = F M T l ( 1 1  
IF (NTABLE .E0.2) GO TO 2 3 5  
WRITE(6.FMT11 T I ~ C P R I I ) . H H R T ( I ) . S R . F H R T I I ) .  
1 HRT. FRTI ( O ( L L ~ 1 ~ I ) ~ O I L L ~ 2 ~ I ) . L L - 1 . 2 1  
GO TO 236 
235 WRITE( 6. FMT2)TI.CP~HH. S.FH.H. I (O( LL.KK.11 vKKzl.2 b t L L I 1 1 2 1  
I F  (AMOO(T1 1I~500.O~.NE.O.O~ GO TO 600 
236 L INES = L I N E S + l  
WRITE (6.237) 
237 FORMAT ( 1 H  1 
L INES = L I N E S + l  





C WRITE FOOTNOTE 
C 

































































WRITE (6,265) LOGK0246 
265 FORMAT( 114HO*A CHANGE I N  PHASE OF AN ASSIGNED REFERENCE ELEMENLOGKO247 
1T HAS OCCURRED BETWEEN T H I S  TEMPERATURE AN0 THE PRECEOING ONE. lLOGKO248 
WRITE 16.2671 1LMENTII) .  P T ( I ) *  I 4 . I K )  LOCK0249 
2 6 7  FORMAT ( 1 H  A6.3t t -  F8.3. 4H I LOGKO25O 
L INES = L INES + 4 LOGKO251 
601 CALL PAGE10 ( L I N E S )  LOGKO252 
IF (NTABLE .Ea.z) RETURN LOGKO253 
C LOGKO2 54 





L INES = 7 
YRITE (6,3201 NAWE(1). NAME(21 
WRITE (6.2201 
IF(.NOT.TEST(13)) GO TO 1221 
WR I TE( 6.3221 1 
3 2 2 1  FORMAT(l2OH T CP H-H298 
11 H OELTA H LOG K 
GO TO 229 
1221 WRITE (6.221) 
221 FORMAT( 120H T CP H-HO 
S 1  = ZERO4 
SZ = ELK 
229 CONTINUE 
1230 WRITE (61FMT3) S lvS2~ASINOH.  O H O ( 1 ) .  O H O ( 2 I  
RETURN 
S -(F-H298LOGK0260 
OELTA H LOG K )LOGKO261 
LOGK0259 
S -I F-HOI LOGKO260 
OELTA H LOG K )LOGK0261 






















SUBROUTINE LEAST LEAS0001 
COMMON NAMEl2l~SYM8OLl70l~ARIWTl70l~R~HCK~ELECTR~ICARO~IYOROl5l~ LEAS0002 
1 WOROl4I~TESTl20l~YEIGHT~FORICAl5l~MLA15l~BLANK~ELEMNTl7Ol~ LEAS0003 
2 NATOM~NT~CPRI202l~HHRTl202l.ASINOH~Tl2O2l~ASINOT~FHRTl202l~LEASDOO4 
3 StONST~NOATMS~MPLACEl7Ol~LPLACEl7Ol~NMLAl7Ol~NOFILE~ LEAS0005 
4 SPECH~TAPEl202~3l~PTIIELT~EXPlLOlrTRAffiEl10l~TCONST~NKINO~ LEAS0006 
5 NF~LINES~NTRANG~NTMP~AGl7Ol~GGl7Ol~NIT LEAS0007 
C O M M O N / P C H ~ L E V E L ~ N F l ~ N F 2 ~ A N S l 9 ~ 1 5 l ~ T C ~ l O l ~ N T C ~ N F P ~ L O A T E ~ N N N ~ N L A S T  
OIMENSION Al15.161, I I N S T P V l 1 5 l ~ F l 4 I ~ F C l 4 l ~ E R R l 4 1 ~  LEAS0009 
1 T O T E R R l 4 1 ~ T O T R E L l 4 l . T O T S 0 o .  TOTSORl4l~AVERRl+l~ LEAS0010 
ZAVREL 141 ~AVSOl4l~AVSOR141 .MAXERR 141 * MAXREL(41 .TMAX141 rTMAXRLl4l. LEAS0011 






2 FORMAT (1H I /  14H LEAST SOUARES 9/11 
LINES * 7 
00 3 I = 1.3 
W 3 J = 1.15 
3 ANS1I.J) 0.0 
IF INF .NE. 0 I GO TO 6 
NF = 5 
00 4 I = 1.5 
4 EXPIII = I - 1 
6 NF1 = NF+l 
NF2 = NF+2 
NF3 = NF+3 
NF4 = NF+4 
NF5 = NF+5 
NF6 = NF+6 
IOONEA = 0 
IWNEB = 0 
IOONET = 0 
IOONES = 0 
ICONS1 = 0 
IF ITCONST .NE. 0.01 GO TO 7 
TCONST = 1000. 
IF IPTMELT .NE. 0.01 TCONST = PTMELT 
7 IFINTRANG.EO.01 GO TO 1006 
C 
C670 
C SORT IN INCREASING OROER TEMPERATURES SPEC 
C 
8 J = l  
9 M = J  
10 M 12 IIJtNTRANG 
IF ITRANGE IMI-TRANGE(Il1 12.12.11 
l t M = I  
12 CONTINUE 
IF 111-51 13.14.13 
13 TEMPY = TRANGE(M1 
TRANGEI M I  = TRANGEI J b 
TRANGEIJI = TEMPV 
GO TO 10 
IF INTRANDJ, 1007.1007.9 
14 J = J+1 
1006 TRANGEIll = 300.0 
TRANGEIPI = 1000. 
TRANGEIP) = 5000.0 
NTRANG = 3 
1007 W 24 I = 1. NTRANG 
24 TCII) = TRANCE111 
NTC = NTRANG 
SAVEC = TCONST 
FYING 
IF1 TCONST.GT;Tl NLAST) I TCONST =TINLAST) 
IF lMNN.EO.11 GO TO 1023 




1023 K = NTRANG - 1 
IF llTRANGElll~GE~TlNNNl-~OOOOll.ANO.l~RA~E 
LINES = LINES + 2 
1 .0000111 GO TO 1021 
NTE RVALS 
TCONST=T I NNNI 
NTCl.LE.TlNLASTl+ 
00 1028 I = 1.K 
IF ~TRANGElIl~GE.TlNNNl-~OOOOllGO TO 1035 
IF (TINNNI-LT-TRANGEII + 11 -.000011 GO TO 1032 
IOONES = IOONES + 1 
1028 CONTINUE 
1032 TRANGEI I I = TINNNI 
1035 00 1038 I = 1.K 
IK = K + 2 - I 
IF (TRANCE1 IKl~LE.TINLAST1 +.000011 GO TO 1021 
IF ITINLAST) .GT. TRANGEIIK-11 +.000011 GO TO 1042 







































































GO TO 1021 
1042 T R A N G E I I K I  = T I N L A S T I  
C 
C LOCATE TEMPERATURE CONSTRAINTS 
1021 DO 17 I=l.NTRANG 
IFlA8SlTRANGElIl-TCONSTl.LT~O~OOOOll GO TO 1017 
I F  (TRANGE1Il.GT.TCONSTl GO TO 18 
GO TO 1018 
17 CONTINUE 
18 I = I - I 
1018 TRANGEI I I = TCONST 
1017 ICONS1 = I 
C 
C ADJUST TEMPERATURE INTERVALS*  I F  NECESSARY 
C 
00 21 I=NNN.NLAST 
21 I F  I A B S I T I  I I -TCONST)~LT.0 .000011 GO TO 23 
23 CPRCON = CPRI 18 
HHRTCN = HH?tTl I )  
SRCON = F H R T I I I  + HHRTII) 
C 
C 6 9 0  
C 
C I F  ALL INTERVALS ARE COMPLETE. RETURN TO MAIN-  OTHERWISE LOCATE 
C CONSTRAINT TEMPERATURE AN0 CURRENT INTERVAL EN0 POINTS. 
C 
25 I L O Y  = ICONST-IDONEB-1 
IF ( (  ILOY-IOONES t.EO.01 GO TO 27 
T F I X  = TRANGE I I L O W + l )  
GO TO 28 
I F  IILOW.EO.NTRANG1 GO TO 900 
T F I X  = TRANGEI ILOY)  
CPRFIX = CPRCON 
HHRTFX = HHRTCN 
S R F I X  = SRCON 
40 00 41 I=NNN.NLAST 
I F  lA8SlTlIl-TRANGElILOWl~.LT~O~OOOOll GO TO 44 
41 CONTINUE 
27 ILOW = I C O N S T + I W N E A  
28 I F  (ABSITFIX-TCONSTl.GT.O.000011 GO TO 40 
WRITE (6.421 
42 FORMAT f 9 5 H  LEAST SQUARES NOT COMPLETED. I N T E R V A L  TEMPERATURES NOTLEAS0157 






L E A S 0 0 9 5  
LEAS0100 
L E A S 0 1 2 7  
LEASO 128 
L E A S 0 1 3 3  
L E A S 0 1 3 4  
L E A S 0 1 3 5  
L E A S 0 1 3 6  
L E A S 0 1 3 7  
L E A S 0 1 3 8  
L E A S 0 1 3 9  
L E A S 0 1 4 0  
L E A S 0 1 4 1  
L E A S 0 1 4 2  
LEAS0143 
L E  AS0 144 
LEASO 145 
L E A S 0 1 4 6  
L E A S 0 1 4 7  
L €AS0148 
L E A S 0 1 4 9  
L E M 0 1  50 
L E A S 0 1 5 1  
LEAS0152 
L E A S 0 1 5 3  
L E A S 0 1 5 4  
LEAS0155 
L E A S 0 1 5 6  
GO TO 1000 
k4  NBEGIN = I 
DO 46 I=NBEGIN.NLAST 
I F  lA8SlTII~-TRANGElILOW+ll~~LT.0.00001l GO TO 48 
46 CONTINUE 
WRITE 16.421 
48 NENO = I 
C 
C 7 0 0  
C 
C CLEAR MATRIX REGION 
C 
5 0  











/ /  
00 51 I f l . N F 5  
00 51 J=l .NF6 
A1I .J )  = 0.0 
UP MATRIX ELEMENTS FOR DIAGONAL AN0 ABOVE FOR F I R S T  NF ROWS 
K = 1  
00 500 I=l .NF 
I F  lEXPlI l .NE.1-1.01) GO TO 8 5  
A I I . N F 3 1  = 1 - O I T F I X  
A I I 9 N F 4 I  = ALOGI T F  I X  I I T F  I X 
A I I v N F 5 1  - I .O/TFIX 
A I I s N F l )  AlI~NF1~+ALM;lTlLll/lTlLl*TlLIl 
A I I vNF2)  = A I  I ~ N F 2 l - l ~ O / T l L l  
SR = F H R T ( L 1  + HHRT(L1 
L I I . N F 6 1  A I I . N F 6 1  + lCPRlLl+HHRTlLl *ALOGlTlL l  I -SR ) / T I L 1  
GO TO 99 
I F  lEXPlI).N€.O.Ol GO TO 90 
A l I . N F 3  I = 1.0 
A l I . N F 4  I = 1.0 
A I I . N F 5 I  = ALOG(TFIX1 
OD 89 L=NBEGIN.NEND 
DO 83 L=NBEGIN.NEND 
A l I r N F 1 )  = A I I . N F I 1  + 1 . O I T l L l  
A I I . N F 2 1  A l I . N F 2 )  + A L O G I T I L I I  
SR = F C R T I L )  + H H R T I L I  
A l I . N F 6 )  = A l I . N F 6 )  + CPRlL)+HHRTlL)+SR * A L O G l T l L l )  
GO TO 99 
A l I . Y F 3  I .I T F I X * * E X P l I l  
A (  I eNF41 = A I  1. NF3)  I I E X P I I  )+Le 01 
AI I .NF51 = A l I r N F 3 ) / E X P l I l  
ifASOL59 
L EASO 160 
L E A S 0 1 6 1  
LEAS0162 
L E  AS0163 
L E A S 0 1 6 4  
LEAS0165 
L E A S 0 1 6 6  
L E A S 0 1 6 7  
LEAS0168 
LE AS0 169 
L E A S 0 1 7 0  
L E A S 0 1 7 1  
L E A S 0 1 7 2  
L E A S 0 1 7 3  
L E A S 0 1 7 4  
LEAS0175 
L E A S 0 1 7 6  
LEAS0177 
L E A S 0 1 7 8  
L E A S 0 1 7 9  
L E A S 0 1 8 0  
L E A S 0 1 8 1  
LEAS0182 
L E A S 0 1 8 3  
L EASO 184 
L E A S 0 1 8 5  
L EASOl86 
L E A S 0 1 8 7  
L E  A S 0  188 
LEAS0189 
L E A S 0 1 9 0  
L €AS 0 191 
LEAS0192 
LEAS 01 93 
L E A S 0 1 9 4  
L E  AS 0 1 9 5  
L E  AS0 196 
L E A S 0 1 9 7  
LEAS0198 
L E A S 0 1 9 9  
LEASOZOO 
LEAS0201 
L E A S 0 2 0 2  











W 9 2  L=NBEGIN.NENO L E A S 0 2 0 4  
A I I ~ N F l l  = AII~NF1l+T~LI**IEXPIIl~l~Ol/~EXPIXl+l~Ol LEAS0205 308 
A I l r N F 2 1  = AII~NF21+~TfLl**EXP~Il~/EXPIll LEAS0206 312 
SR = F H R T ( L )  + H H R T I L )  L E A S 0 2 0 7  
92 A I l . N F 6 )  A ~ I ~ N F 6 ~ + I C P R ~ L l + H H R T ~ L l / I E X P ~ l l + l ~ O l + S R  I E X P 4 I l l  LEAS0208 
l * I T I L l * * E X P I I  I 1  L E A S 0 2 0 9  
C LEAS0210 
C 7 1 0  LEAS0211  
99 00 400 J=K.NF 
LOO I F  IEXPIX1+1.01 130.105.130 
105 I F  I E X P I J ) * l . O )  115.110.115 
110 00 112 L=NBEGIN.NENO 
115  I F  I E X P ( J l 1  125.120.125 
122 A1X.J) * A I 1 . J )  + l.O/TIL) 
120 00 122 L=NBEGIN.NENO 
GO TO 400 
125 E X P I J  = E X P I J I  
126 00 127 L=NBEGIN.NENO 
127 A (  I *  J l  = A (  1. J I + I I E X P I  J-1.01 /EXPI  J + A L O G I T I L l  I / I E X P I J + l  
I T I L  )**I E X P I J - 1 - 0 1  
GO TO 400 
130 I F  I E X P I J I  + 1-01 145.135.145 
135 I F  I E X P I  I I I 140.120.140 
140 E X P l J  = E X P I I )  
GO TO 126 
145 I F  I E X P t J I I  165.150.165 
150 I F  ( E X P I 1 1 1  160.155.160 
155 00 157 L=NBEGIN.NENO 
157 A11.J) = A ( l r J 1  + 2 - O + A L O G ( T ( L l l * + 2  
GO TO 40U 
160 E X P I J  = E X P I 1 1  
161 00 163 L-NBEGIN.NEN0 
163 A t 1 . J )  5 A(1.J )  + ~ ~ E X P I J + 2 ~ 0 l / I E X P I J + l ~ O l t A L ~ ~ T I L l l / E X P I J l  
1 * T ( L l * * E X P I J  
GO TO 400 
165 I F  ( E X P I 1 1 1  175.170.175 
170 E X P I J  = E X P ( J 1  
GO TO 161 
175 W 177 L = NBEG1N.NEND 
177 A I I v J l  = AII~Jl+Il~O+1~O/IlEXP(IIl+l~O~*~EXPIJl+l~Oll 




























i A S 0 2 1 6  
i A S 0 2 1 7  344 346 
iASO218 
iAS0219 
i A S 0 2 2 0 
iASO221  
I A S 0 2 2 2  
I A 5 0 2 2 3 
!AS0224 
!AS0225 
I A S 0 2 2 6  
!AS0227 
IASO228 372 374 
!AS0229 
400 CONTINUE 
500 K = K + 1  
C 
C SET UP MATRIX FOR OIAGONAL AN0 ABOVE FOR REMAINING ROWS 
C 
00 510 L=NBEGIN.NENO 
A(NFl .NF11 = A.INFl.NF11 4 l . O / ( T I L I * T I L I I  
A I N F l v N F 6 )  A I N F l * N F 6 1  + H H R T I L l / T I L I  
A(NF2.NF21 = A I N F 2 1 N F Z )  + 1.0 
AINFI .NF4)  = l - O / T F l X  
AINF2.NF51 = 1.0 
AINF3.NF6) = CPRFIX 
A(NF4.NF61 = HHRTFX 
I ( N F 5 . N F 6 1  = S R F I X  
510 AlNFZ.NF61 = A(NF2.NF61 + F H R T I L )  + HHRT(L1 
L E A S O Z ~ O  
L E A S 0 2 3 1  
L E A S 0 2 3 2  
L E A S 0 2 3 3  
L E A S 0 2 3 4  
L E A S 0 2 3 5  
L E A S 0 2 3 6  
L E A S 0 2 3 7  
L E A S 0 2 3 8  
L E A S 0 2 3 9  
L E A S 0 2 4 0  
L E A S 0 2 4 1  
L E A S 0 2 4 2  
L E A S 0 2 4 3  
L E A S 0 2 4 4  
L E A S 0 2 4 5  
L E A S 0 2 4 6  
L E A S 0 2 4 7  
L €AS0248 
L EAS0249 
L E A S 0 2 5 0  





L E A S 0 2 5 4  435 
LEAS0255 
L E A S 0 2 5 6  
L E A S 0 2 5 7  
LEAS0258 
L E A S 0 2 5 9  
LEAS0260 
L 6 A S O 2 6 1  
L E A S 0 2 6 2  
L E A S 0 2 6 3  
L E A 5 0 2 6 4  
L E A S 0 2 6 5  
L E A S 0 2 6 6  
L E A S 0 2 6 7  
L E A S 0 2 6 8  
LEAS0269 
C L E A S 0 2 7 0  
LEAS0271 C 7 2 0  
C L E A S 0 2 7 2  
C COMPLETE THE MATRIX BY REFLECTING SYMMETRICAL ELEMENTS ABOVE 01 A6ONAL L E A S 0 2 7 3  
C 
K = Z  
Do 520 I = l . N F 4  
00 518 J=K.NFS 
518 A(J.11 = 111.51 
520 K = K + 1  
C 
C SOLVE THE MATRIX. 
C 
N=NF5 
00 551 111.N 
551 A N S T P Y t l  I = 0.0 
00 560 111.N 
W 557 JI1.N 
A I I . J + L l  A I ~ ~ J + l ~ / A I I ~ l l  
I F  ( I - N l  557.570.557 
557 CONTINUE 
K = I + 1  
L E A S 0 2 7 4  
L E A S 0 2 7 5  
L E A S 0 2 7 6  
L E A S 0 2 7 7  
L E A S 0 2 7 8  




L E A S 0 2 8 3  
L E M  0284 
L E A S 0 2 8 5  
LEAS0286 
L E A S 0 2 8 7  
LEAS0288 
L E A S 0 2 8 9  




00 558 I I=K.N 
Do 558 JJI1.N 
558 A l I I . J J + l l  = ~ A l I I ~ I l * A l I r J J + l l  + A l I I . J J + l l  
560 CONTINUE 
570 A N S T P I I N )  A I I . J + l l  
I F  I N - 1 1  571r580.571 
571 J N - 1  
I 1  .I J 
w 573 II1.11 
K = J+1 
DO siz-nu=i. I 
A N S T P Y I J I  = A N S T P Y I J I  + A N S T P Y l K l * A l J . K l  
572 K = K + 1  




580 W 581 I I l . N F 5  
581 ANSIILOW.1) = A N S T P Y I I I  
C 
C 7 3 0  
C 
C CALCULATE FROM THE LEAST SQUARES COEFFICIENTS VALUES OF CP/R.H-HO/RT. 
C TEMPERATURE. ALSO THE AVERAGE ERROR* AVERAGE R E L A T I V E  ERROR. 
C LARGEST ERROR AN0 LARGEST R E L A T I V E  ERROR. 
c SIR.F-HO/RT. ANO THE ERRORS ANO RELATIVE ERRORS IN THESE Ar EACH 
L E A S 0 2 9 2  
L E A S 0 2 9 3  
L E A S 0 2 9 4  
L E A S 0 2 9 5  
L E A S 0 2 9 6  
L E A S 0 2 9 7  
L E A S 0 2 9 8  
L E A S 0 2 9 9  
LEAS0300 
L E A S 0 3 0 1  
LEAS0302 
LEAS0303 
L E A S 0 3 0 4  
LEAS0305 
L E A S 0 3 0 6  
LEAS0307 
LEAS0308 
L E A S 0 3 0 9  




L E A S 0 3 1 4  
LEAS0315 
L E A S 0 3 1 6  
L E A S 0 3 1 7  
c L E A S 0 3  18 
WRITE 16.6021 L E A S 0 3 1 9  5 5 3  
6 0 2  FORMAT I lHO.7X.IHT.6XrlOHCP/R I N P U T I ~ X ~ ~ H C P I R  CALC.5X. l lHHHIRT I N L E A S 0 3 2 0  
lPUT.3X.lOHHH/RT CALC.6X.9HS/R INPUT.5Xr8HS/R CALCr6X. lZH-FHIRT I N P L E A S 0 3 2 1  
ZUT.4XrL l l i -FH/RT CALC I LEAS0322 
Y R I T E  16.603) L E A S 0 3 2 3  5 5 4  
6 0 3  FORMAT 11H r l 4 X ~ l O H I N P U T - C A L C ~ 5 X ~ 8 H F R A C T I O N ~ 6 X r l O H I N P U T ~ C A L C ~ 4 X r 8 ~ E A S O 3 2 4  
1 F R A C T I O N ~ 7 X ~ 1 O H I N P U T - C A L C ~ 5 X . 8 H F R A C T I O N ~ 7 X ~ l O H I N P U T ~ C A L C ~ 4 X ~ 8 H F R A C L E A S O 3 2 5  
Z T I O N I  
C 
L I N E S  = L I N E S  + 3 
00 605 111.4 
T O T E R R I I I  = 0. 
TOTREL I I I = 0 .  
T O T S P R I I )  = 0. 
TOTSO I 1 1  = 0. 
MAXERR111 = 0. 
M A X R E L I I I  = 0. 
T M A X I I )  = 0. 
6 0 5  T M A X R L I I I  0 .  
C 











W 635 L=NBEGIN.NENO 
F l 1 1  = C P R I L I  
F I 2 )  = HHRTILI 
F l 3 1  = F H R T I L I  + HHRTtLl 
F l 4 1  = F H R T I L I  
F C l l )  = 0. 
F C ( 2 )  = A N S T P Y l N F l ) / T ( L )  
F C I  3) =ANSTPVINFZ) 
DO 618 I = l . N F  
TP = T l L l * * E X P l I 1  
I F  IEXPlI1.NE. l -1.011 GO TO 610 
F C I  2) = F C I  2 l + A N S T P Y l I )  *ALOG( T IL1  I /T IL1  
F C 1 2 )  = FCl2l+ANSTPYlIl+TP/lEXPlI1+l.Ol 
I F  1EXP1I1.NE.0.01 GO TO 616 
F C l 3 1  = FCl3l*ANSTPYlI~*ALOCITlLl~ 
GO TO 618 
F C l 3 1  = F C l 3 l + A N S T P Y l I l * T P / E X P O  
F C 1 1 1  = F C l l )  + A N S T P Y l f l * T P  
F C l 4 1  = F C l 3 l - F C 1 2 1  
GO ro 616 
L E A S 0 3 2 6  
L E A S 0 3 2 7  
L E A S 0 3 2 8  
L E A S 0 3 2 9  
L E A S 0 3 3 0  
LEAS0331 
L E A S 0 3 3 2  
L E A S 0 3 3 3  
L E A S 0 3 3 4  
L E A S 0 3 3 5  
L E A S 0 3 3 6  
L E A S 0 3 3 7  
L E A S 0 3 3 8  
L E A S 0 3 3 9  
L E A S 0 3 4 0  
L E A S 0 3 4 1  
L E A S 0 3 4 2  
L E A S 0 3 4 3  
LEAS0344 
L E A S 0 3 4 5  
L E A S 0 3 4 6  
L E A S 0 3 k 7  
L E A S 0 3 4 8  
L E A S 0 3 4 9  
L E A S 0 3 5 0  
L E A S 0 3 5 1  584 
LEAS0352 
L E A S 0 3 5 3  590 
L E A S 0 3 5 4  
L E A S 0 3 5 5  
L E A S 0 3 5 6  
L E A S 0 3 5 7  602 
L E A S 0 3 5 8  
L E A S 0 3 5 9  
L E A S 0 3 6 0  
L E A S 0 3 6 1  
L E A 5 0 3 6 2  
I F  IL.NE.N8EGIN.OR.TRANGEIILOYl.GE.TtONSTl 60 TO 705 
IOONEB = IDONE8 + 1 
GO TO 706 
I F  1L.NE.NENO.OR~TRANGElILOWl~LT.TCONST~ GO TO 707 
IDONEA = IOONEA + 1 
C P R F l X  = F C l 1 )  
HHRTFX = F C I 2 )  
S R F I X  = F C 1 3 1  
00.622 1-114 L E A S 0 3 6 3  
ERR111 = F I I I - F C I I I  L E A S 0 3 6 4  
ABSERR = ABSlERRf 1)) L E A S 0 3 6 5  
T O T E R R I I I  = TOTERRl I l+ABSERR L E A S 0 3 6 6  
TOTSO (1)  = TOTSO II l+ABSERR*ABSERR L E A S 0 3 6 7  
IF lF I I l .NE.O.1  GO TO 619 
WRITEI6 .  16191 
FORMAT 152HQ ERROR I N  OATA. LEAST SQUARES NOT COMPLETEO. C 7 4 0  I 
GO TO 1000 
636 
62 
619 R E L E R R I I I  - E R R ( I l / F l I l  
ABSREL = ABSIRELERRI I I I 
TOTRELt I 1  - TOTRELI I  l+ABSREL 
TOTSORtII = T O T S O R I I I  + ABSREL*ABSREL 
I F  IA8SERR.LT.MAXERRlI) l  GO TO 6 2 0  
M A X E R R I I I  I ABSERR 
T M A X I I I  = T ( L 1  
6 2 0  I F  IABSREL .LT. M A X R E L ( l 1 I  GO TO 622 
M A X R E L I I I  .I ABSREL 
TMAXRL( I1  = T I L 1  
6 2 2  CONTINUE 
C 
YRITE (6 r6251  T l L l ~ C P R l L l ~ F C l l l r H H R T I L ~ ~ F C ~ 2 1 ~ F I 3 l ~  F C ( 3 l . F ( 4 I .  
1FCt 4 1  
6 2 5  FORMAT l F 1 2 ~ 2 ~ 2 F 1 3 ~ 7 ~ 2 X ~ 2 F l 3 ~ 7 ~ Z X ~ 2 F 1 4 ~ 7 ~ 2 X ~ 2 F l 4 ~ 7 1  
6 2 7  FORMAT I 12X ~ 2 F l 3  .7.ZX.2F13.7.2X.ZF14.7 .ZX12F14-7  I 
Y R I T E  I 6 ~ 6 2 7 l l E R R ~ I l r R E L E R R ~ l l ~ I ~ l ~ 4 l  
L I N E S  = L I N E S  + 2 





POINTS = NENO-NBEGIN + 1 
00 640 1=1.4 
AVERRl I I = TOTERRI I ) /POINTS 
AVRELI I1  = T O T R E L I I I I P O I N T S  
A V S O t I I  = S O R T I T O T S O ~ I l / P O I N T S l  
6 4 0  AVSORI I )  = S O R T I T ~ T S P R I I ~ I P O I N T S I  
C 
C 














LEAS 0 38 1 
LEAS0382 

















641 FORMAT (3X.19HMAX-REL ERR CPIR =.F10.6.4X.6HTEMP =.F7-0.6X.ZOHAYEL 
1R REL ERR CPIR ~ .F lO.6 .6X.ZZHREL LST SO ERR C P I R  X.Fl0.61 L 
Y R I T E  ( 6 . 6 4 2 )  ~ A X R E L ( Z l r T M A X R L I 2 1  .AVRELIZl.AVSOR(Zl L 
6 4 2  FORMAT 13X.19HMAX REL ERR HHIRT *.F10.6.4X.bHTEMP = I F ~ . O . ~ X . ~ O H A V E L  
1 R  REL ERR HHIRT =.F10.6.6X.22HREL LST S O  ERR HHIRT *.F10.61 L 
L I N E S  = L I N E S  + 2 L 
I F  ( L I N E S  -6E.551 CALL PAGEIO I L I N E S I  L 
Y R I T E  ( 6 . 6 4 3 1  M A X R E L l 3 1 ~ T M A X R L 1 3 1 ~ A V R E L l 3 1 ~ A V S O R l 3 1  L 
6 4 3  FORMAT (3X.19HMAX REL ERR S I R  =.F10.6.4X.6HTEMP =.F7.0.6X.ZOHAVEL 
1 R  REL ERR S I R  =.F10.6.6X.22HREL LST SO ERR S I R  = . F 1 0 - 6 1  L 
Y R I T E  ( 6 , 6 4 4 1  MAXRELI4l+TMAXRL ( 4 1  .AVREL141 .AVSORl4I L 
644 FORMAT (3Xe19HMAX REL ERR F H I R T  =.F1016.4X.6HTEMP =.F7.0.6X.ZOHAVEL 
1R REL ERR F H I R T  =rFlO.6.6X.Z2HREL L S T  SO ERR F H I R T  = ,F10-6  I L 
L I N E S  = LXNES + 2 L 
I F  lLIt4ES -6E.551 CALL PAGEID ( L I N E S 1  L 
WRITE 1 6 . 6 4 5 1  MAXERRl11~TMAXl1l~AVERRlll~AVSOlll L 
6 4 5  FORMAT (7X.15HMAX ERR CPIR ~,F10.6.4X.6HTEMP.~.F7.O~lOX.l6HAVER EL 
1RR CPIR =.F10.6.1OX.l8HLST SO ERR CPIR =.F10.61 L 
YRITE t 6 . 6 4 6 1  MAXERRl2I.TMAXl21 .AVERR(ZI .AVSOl21 L 
646 FORMAT l 7 X .  15HMAX ERR H H I R T  =.FL0.6.4X.6HTEMP =,F7.O.lOX.l6HAVER EL 
I R R  HHIRT =.F10-6.1OX.l8HLST SO ERR HHIRT r . F l 0 . 6 1  L 
L I N E S  = L I N E S  + 2 L 
I F  ( L I N E S  .GE.551 CALL PAGEIO ( L I N E S )  L 
YRITE 1 6 . 6 4 7 )  MAXERR131 .TMAXI31 vAVERRI31 ,AVSOl3l  L 
647 FORMA1 (7X.15HMAX ERR S I R  =.FlO.6.4X.6HTEMP =.f7.0.10X.l6HAVER EL 
1RR S I R  =1F10.6 .10X. lWLST SO ERR S I R  =.F10.6) L 
Y R I T E  ( 6 . 6 4 8 )  M A X E R R l 4 l ~ T M A X l 4 l ~ A V E R R l 4 l ~ A V S O ~ 4 l  L 
6 4 8  FORMAT (7X.lSHMAX ERR F H I R T  =.F10.6.4X.6HTEMP = . F ~ - O I ~ O X . ~ ~ H A V E R  EL
1RR F H I R T  =.F10.6.10X118HLST SO ERR F H I R T  X.FlO.6 I L 
LINES = L I N E S  + 2 L 
I F  ( L I N E S  .GE.551 CALL PAGEID ( L I N E S )  L 
YRITE 16.6501 l A N S T P Y I I ~ . E X P l I l . I = l . n F I  L 



































































1 4 - 1 1 )  
L I N E S  = L I N E S  + 2 
I F  I L I N E S  .GE.951 CALL PAGElD tLXNESI 
HRTC = A N S T P Y I N F l l  + ASINOHIR 
YRITE 16.660) A N S T P Y I N F I I .  HRTC. ANSTPY(NF21 
660 FORMAT ( 2 1 H  I l t C H O l I R  CONSTANT * eE15.8. 20H. H I R I A 6 1  CONSTANT 
1 €15.8. 16H. S I R  CONSTANT €15.8 I 
L I N E S  = L I N E S  + 2 
I F  ( L I N E S  .GE.551 CALL PAGEID I L I N E S I  







SAVEL = LEVEL 
LEVEL = NTC-1 
NFP = NF 
CALL PUNCH 
LEVEL = SAVEL 
00 980 I = 1.NTC 
TRANGEI I I = T C l  I I 
NTRANG = NTC 









































7 2 4  
7 2 7  







C PUNCH COEFFICIENT CARDS FOR PERFORMANCE PROGRAM PNCH0003 
COMMON N A M E ( Z ~ ~ S Y M B O L t 7 O l ~ A T M W T i 7 O ~ ~ R ~ H C K ~ E L E C T R ~ l C A R O ~ l W O R O ~ 5 l ~  PNCHOOOI 
1 WORO(4) .TEST( 20 ).UEIGHT.FORMLA(5) . l l L A ( 5 1  e NPLUS.ELEMNT(7OI. PNCHOOOS 
2 N A T O M ~ N T . C P R ( 2 O Z l ~ H H R T ~ 2 O 2 l ~ A S I N O H ~ T ~ 2 O 2 l ~ A S l N O T ~ F H R T ~ 2 O 2 ~ ~ P N C H O O O 6  
3 S C O N S T ~ N O A T M S ~ M P L A C E ( 7 O l ~ L P L A C E ~ 7 O l ~ N M L A ~ 7 O ~ ~ N O F l L E ~  PNCHOOO7 
5 NF.LINES.ITR.NTMP.AG( 701.GG1701 .NIT.PI PNCH0009 
C PNCHOOlO 
c77n PNCHOOll 
4 S P E C H ~ T A P E ( 2 0 2 ~ 3 l ~ P T M E L l ~ E X P l l O ~ ~ T R A N G E ~ l O l ~ l C O ~ T ~ N K l N O ~  PNCHOOOB 
-. ,- 
C PNCHOOi2 
COMMON fPCHf K.NF1. NFZ. ANS(9.15IrTC(lOl.  NTC.NFPIOATE,NNN.NLAST PNCH0013 
DIMENSION OAT 1231.MA(61 PNCHOOl4 
LOGICAL TEST PNCHOOl5 
E O U I V  A L  ENCE i OAT( 1 I 9 NOATA 1 I I OAT i 21 NOATAZ ) PNCH0016 
DATA M A ( 1 I f 0 0 0 7 7 7 7 7 7 7 7 7 7 f r  LIOUIO/6HL00000f~~U(21f0770077777777/~  PNCH0017 
lMAi(3~f0777700777777/~MA(4~f0777777007777/~MAi(5lf0777777770077/~ PNCH0018 
2MAi 63/07777T7777700/~8LANKflH f 
00 44 I A  = 1.K 
NOATAl = NAME(1) 
NOATAZ = NAMEiZI 
OAT13) = P I  
OAT(41 = T C l l l  
I F  ( .NOT.TEST(6) .OR.PTMELT-EO-O.) GO TO 40 
I F  lT(NLAST).LE.PTMELT) GO TO 40 
44 I F i ~ S i I A . 1 l . N E . O . O ~ A N S i I A ~ ~ l l  = ANS(IA.NF1) + ASINOHfR 
C PUNCHING CARDS FOR L I Q U I D  - - INSERT L I N  NAME 
' K N  = 1 
NPLU = NPLUS 
I F  INPLUS .GT. 61 GO TO 30 
20 L N  = 6.INPl.U -11 
IL '= IARS(LN.LIOUI0) 
OATIKN) = ANOiMAiNPLU ).NAME(KN)I 
OATIKNI = 0 R i O I T i K N I . I L I  
GO TO 40 
NPLU = NPLUS - 6 
GO TO 20 










00 930 1-6.23 
O A T i I )  = 0. 
I F  iT iNLAST~.LE.TCi11.0R.T(NNNN~.GT.TCi l l l  OAT(41-TINNN) 
O A T ( 5 1  = TCiNTCI 
I F  iTCiNTCl.GT.T(NLAST1) O A T i 5 )  = T INLASTI  
11 = 7 
I2 = 16 
WRITE (6.954) 
FORMAT i 24HOPUNCHEO BINARY CARDS-- I 
L I N E S  = L I N E S  + 3 
00 9 5 2  I = 11.12.9 
O A T I I - 1 1  = T C I K I  
O A T 1 1 1  = TCIK+ l )  
00 950 J = 1.NFP 
I I J  = I + J 
O A T I I I J )  = ANSIK . J I  
OAT(1+61 = ANS iK.NF1I 
OAT(I+7) = I N S  iK.NFZ1 
K = K - 1  
I F  IK.LE.0 AND. I.EO-I11 GO TO 970 
9 5 2  CONTINUE 
I = I2 
970 18 = I+B 
951 IFIIB.GT.221 GO TO 961 
953 OAT(II =O. 
00 953 I=I8 ,22  




9 6 1  I F  iOATi3).EO.O.) OAT(3)=8LANK 
CALL BCOUMP (OAT( 11. OAT( 221 I 
I F  (OAT(  3 1  .EO.BLANK) OAT( 3 l=O- 
I F  (I8.GT.22) GO TO 1970 
WRITE (6.9561 ( O A T ( I 1 ) .  11=1.221 
956 FORMAT l l H O . 2 A 6 . F I 7 . 3 . 4 X . 5 E l 7 . B f ~  
GO TO 957 
1970 WRITE (6.955) (OLT(Il1~ II=lrZZ) 
9 5 5  FORMAT ( lH0~2L6.Fl7.3.4X.5E17.817E 
9 5 7  L I N E S  = L INES + 4 ~~ 
I F  (LINES.GE.55) CALL PAGEIO(L1NE 
I F  118.E0.51 GO TO 1000 
I F  (18.EO.24) IB = 5 
OAT141 = OAT1231 
I F  (K.EO.0) GO TO 1956 
I F  iIl.EQ.51 GO TO 940 
I 1  = 11-1 
I2 = I1+9 
GO TO 940 
1956 IF(IB.EO.51 GO TO 951 


























































































M A P  ROUTINES (DESCRIPTION AND LISTING) 
SKFILE(N, M) 
This routine causes M end-of -file marks to be skipped over on tape unit N. 
routine is called for in the FORTRAN program sections C90, C530, apd C590; it is a s  
This 
follows: 
d I R L 0 R  S K F I L E  
STEXT S K F I L E  
RINAHY CARO I N O T  PUNCHED) 
00.000 1 00000 0 0 0 0 0 4  
00001 0 7 7 4  00 2 00000 
noon2 0 7 7 4  00 4 ooooo 
no007 0 0 7 0  on 4 noooi 
n a c o 4  0 6 3 4  00 4 05000 
n o 0 0 5  0 6 7 4  00 4 nooh1 
m o o 7  0 6 3 4  oo 2 00001 
oonii 4 7 3 4  00 2 ooooo 
00n12 7 ooooi  2 0 1 0 0 4  
0 ~ 0 1 5  7 o o m o  2 00052 
00006 O h 3 4  00 4 00002 
0( 010 0 5 C O  00 4 f l O O O l  
00013 0500 6 0  4 0 0 0 0 4  
0 0 0 1 4  0 7 7 4  0 0  2 00000 
O O O l b  0 5 C 0  60 4 00003 
00017 Oh21 00 0 0 0 0 5 7  
00020 0 6 3 4  00 2 00050 
n o 0 7 1  ~ O O O C O O ~ O O O O  
00021 o c 7 4  00 4 03000 
00n22 I 00002 o 0 1 0 0 4  
0 0 0 7 4  o oocoo o o n 0 5 7  
n o 0 7 5  o oonoo o 0 0 0 5 6  
RINARY C A R O  (NOT PUNCHED1 





0 0 0 3 5  
00075 
or 02 7 
on037 
n c 0 3 4  
oon36 
0 0 0 3 7  
n o 0 4 1  
0 0 0 4 3  
OC040 
0 0 0 4 7  
0500 60 o 0 0 0 5 6  
0 7 3 4  00 4 ooono 
1 00001 4 01001 
0 6 3 4  0 0  4 0 0 0 4 5  
0 0 7 4  0 0  4 0601J0 
0 6 3 4  0 0  4 0 5 0 0 0  
OK74 00  4 0 4 0 0 0  
1 00000 0 01002 
0 O O C b l  0 00023 
0 0 7 4  00 4 0 7 0 0 0  
OC74 00  4 10000 
O C 7 0  00 0 00045 
0020 00 0 0 0 0 5 0  
4 7 7 4  00 4 0 0 0 5 2  
ccnoooooooon 
BINARY CARO ( N U T  PUNCHED) 
0 0 0 4 4  0020 00 0 0 0 0 4 5  
O O P 4 5  0520 00 0 00000 
0 0 0 4 7  OG20 00 0 0 0 0 4 0  
0 0 0 5 0  0 7 7 4  OC 2 00000 
C O G 5 1  2 00001 2 01002 
0 0 0 5 2  
0 0 0 5 4  0020 00  0 0 0 0 4 5  
00056 C 00000 0 00000 
0 0 0 5 7  0 OOCOO 0 00000 
00046 0020 00 o 4 1 0 0 1  
0 0 ~ 5 3  0 6 3 4  on 2 no050 
n o 0 5 5  6 ooono o 0 0 0 5 6  





























































C A L L  
C LA*  
PAX 





C A L L  
T SX 









1 . 4  
0.2 
*+4.2.1 
4 . 4  
0.2 
OUT.2.0 
3 .4  
PAT 
e0f.2 
..FVIO( P A T ~ U N I T A D I  
U N I T A O  
0 . 4  
*+1.411 
HOLD.4 . .FTCK.4 
DUM-3 - 4  
svs  LOC.4 
.RSF. 







T I X  *+2T2.1 
RETURN S K F I L E  
S XA €OF .2 
TRA HOLD 
PZE U N I T A D  
10000 U N I T A D  PLE 
10000 EOR PZE 
loono P A T  PZE 
10000 *LOIR 
10000 
01111 E NO 
65 
L C D  I C  T SKF I LF 
B I N A R Y  C A R l l  ( N O T  PUNCHED) 
o o o o 6 3 o o o o o n  
0 0 0 0 3 4 0 0 0 0 0 5  
6 2 4 7 2 6 3 1 4 3 2 5  
OGOC630COOGO 
6 2 4 2 7 6 3  143;?5 
OCOOOO0COOOO 
333326653146  
2 c o o n o i  noooo 
332262263360  
2COo0010oo00 
4 2 7 0 6 2 4 3 4 6 2 3  
3 3 3 3 2 6 6 3 2 3 4 2  
3 3 3 3 2 6 3 1 4 6 7 3  
3 3 3 3 2 6 2 2 2 3 4 2  
7 c o o c n o n o o o o  
~ c o o n o ~ o n o o o  
7 c o o o n o c o o o o  
2coonoooonoo 
SOKENO S K F I L F  
P R E F A C E  
S K F I L E  OECK 
S K F I L E  R E A L  
..FVIU V I R T U A L  
.RSF. V I R T U A L  
SYSLOC. V I R T U A L  
..FTCK V I R T U A L  
..FIUC V I R T U A L  
..FBCK V I R T U A L  
REFERFNCES TO DFF l N E D  SYMHULS. 
C L A S S  SYNROL V A L l l E  REFERENCES 
DUM 
E l l  F 
HOLD 
..o001 . .000z . .0003 
OUT 
P A T  
R E E D  
En n 
L C T R  B L C T R  
OllAl. UNOS 
L C T H  / /  
SK F 11. F 
UN I TAD 
0005 5 
0 0 0 6 0  
0 0 0 5 0  
0 0 0 4 5  
0 0 0 0 3  
00 0 52 
0 0 0 5 7  
0 0 0 4 0  
0 0 0 0 2  
oonc4 
no000 
0 0 0 5 6  
3 3  
20.43.53 







25 26 55 
ZEFERENCES TO VIHT11AL SYMROLS. 
. R S F .  4 35 . .FRCK 8 4 1  . . F I LlC 7 40  
..FTCK 6 37 
..FVIO 3 21 
SY SLOC 5 4.34 
START=O LENGT H=519 T Y  PE=7094. CMPL X= 5 
LflC=G. LENGT H=51 
Lac=o .LENGTH=O 
SECT. 3.CAI.L 





00 1938  
. .  
S I R L D R  .RSF.  
S T E X T  .RSF. 







0 0 0 0 5  
00005 








OOC03 S I Z E  S F T  3 
[ N O T  P U N C H E O I  
0 5 f l O  00 0 00010 
0634 00 4 00014 
000000000000 
O C 7 4  00 4 03000 
1 00001 0 01003 
0 00014 0 00005 
0 00000 0 00005 
40000 5 0 4  1 00 1 
3 00003 0 00011 
0 5 3 4  00 4 00014 
o c z o  00 4 00001 
1 00000 0 00000 
2c0000000003 
ocoo0oocoooo 
3 3 2 2 6 2 2 6 3 3 6 0  
00000 

















.RSF. C L A  
SXA 
C A L L  
0 RG 
L X A  
T RA 
PON PON 
LK.DR L O I R  
S E L  I O R T  
..BSF. ess 
E NO 
P f l N  
LK.OR.4 . . F 10s ( S E L  I 
*-1 
LK.OR.4 
1 e 4  
O . . O  
S I Z E  
.BSF. * S I Z E  
B I N A R Y  C A R 0  ( N O T  P I I N C h E D )  
00001 hOCOOOO P R E F A C E  START=O .LENGTH= 14. T Y P E = 7 0 9 4 .  CHPL X = 5  
0 0 0 0 0 4 0 0 0 0 0 5  
3 3 2 7 6 2 2 6 3 3 6 0  .BSF. DEC& LOC=O . LENGTH= 14 
GOO 01 6000000 
3 3 2 2 6 2 2 6 3 3 6 0  .BSF.  R E A L  LOC=O .LENGTH=O 
oc000ooooooo 
3 3 3 3 7 6 3 1 4 6 6 2  . . f i n s  VIRTUAL SECT. 3.CALL 
200000100000 
SDKEND .RSF. 
R F F E R k N C F S  TI1 D € F I N E D  SYMROLS. 
C L A S S  SYMROL VALUE REFERENCES 
.RSF. 00000 
..RSF. 00011 5 
LK.OR 00014 1.6 
PflN 00010 0 
I C T R  B L C T R  
Ol lAL UNCJS 
L C T R  I /  
S FL Ofl005 5 
SET S I Z F  00003 5.11 
REFERENCFS TO V I R T U A L  SYMBOLS. 




This routine causes data to be punched out in absolute binary cards (up to 22 words 
per card). The arguments A and B are the first and last words to be dumped, respec- 
tively. The routine is called for in the FORTRAN program sections ClOO and C790; it 
is as follows: 
SIRLDR BCDUMP 
STEXT RCDUMP 
BINARY CAR0 (NOT PUNCHE0) 
onooo 1 n o o m  o 00005 
00001 0774 00 2 00000 
OOOOZ 0 7 7 4  00 1 00000 
00003 0774 00 4 00000 
00004 0070 00 4 00001 
00005 0634 00  4 05000 
00006 0634 00 4 00143 
00007 0634 00 4 00003 
00010 0634 00 1 00002 
00011 Ot34 0 0  2 00001 
00012 0 5 0 0  00 4 00001 
00013 4734 00 2 00000 
00014 7 00002 2 C1002 
00015 4570 6 0  4 00005 
00016 0634 00 0 00056 
00017 0443  00 4 00003 
00020 0040  00 0 01007 
00021 0131 00 0 00000 






















C L A  
POX 









114 IS THERE A 
0.2 T H I R D  
*+2.2.2 




A K GUM EN T 
010466 TS 
. . RROB ..BROB HAS THE F I R S T  ADDRESS 010466 T S  
RINARY CARD I N O T  PUNCHED1 
00023 0534 00  1 06000 10011 LXA ..BRDB,l PUT F I R S T  LOC. I N  1 x 1  010466 T S  
00024 0402 00 0 06000 lCIO11 SUB ..BROB 
00025 0734 00 2 00000 10000 PAX 0.2 THE NO. D F  WORDS OUTPUTEO I N  INDEX 2 
00026 1 00001 2 01001 10011 T X I  **1.2.1 TRUE WORD COUNT 
00027 0634 00 1 00031 10001 SXA IXl.1 














0774 O C  1 00000 
0774 00 2 00000 
OC74 00 4 07000 
6 00026 2 00130 
0634 00 7 00032 
0774 00 2 00026 
1 0 0 5 0 0  2 01001 
4634 00 2 06000 
2 GO500 2 01001 
0634 00 1 00057 
0634 00 1 06000 
1 000Zh 1 01001 
0634 0 0  1 00031 
RINARY CARD INIJT PUNCHED1 
00046 0774 00 4 00033 
00047 0600 00 4 06034 
00050 2 00001 4 41001 
~ 0 0 5 i  0774 00 4 ooooo 
00057 0 5 0 0  00 4 ooooo 
00053 0601 00 4 06002 
00054 1 77777 4 01001 
00055  7 00001 2 41003 
00056 0 7 7 4  00 1 COO00 
00057 0500 00 0 00137 
00061 7 00143 1 0 1 C 0 2  
00062  1 77634 1 41002 
00063 0671 00 0 00134 
OC065 0771 00 0 00001 
00066 7 00011 1 01002 
oooon 0771 00 o oooo i  
00064 0500 00 o 00141 
nr.067 1 77766 1 41002 







































TEST4 T X I  
SXD 
T I X  
S XA 
S XA 
LOOP T X I  
S XA 
A XT 
CLEAR S T Z  
T I  X 
AXT 
CLA CLA 
S T O  
T X I  




T X L  




T X L  
7 x 1  
S T O  
**.1 
**.2 . .FTCK.4 
L ASTC .Z 2 2 
1x2.2 
22.2 
*+1.2.320 . . R ROR. 2 
++1.2 * 320 
c1a.1 . . BROB. 1 
*+1.1.22 
1x1.1 










*+2 9 1 e99 
*-2.1 .-loo 
G P + 1  
B I T T  
1 
*+z  .1.9 
*-2.1 .-lo 
w0rd3 
CLEAR THE BUFFER. 
010666 T S  
011066 T S  













T O  
999 
68 
BINARY CAR() INCIT PIJNCHEn I 
no071 0500 on n ~ ~ 1 4 0  
00072 0771 00 o noooi 
00073 7 ooooo 1 01002 
00075 4602 no o 0 ~ 1 3 5  
on076 0534 on I 00056 
oocv 1 onooi 1 o i o n i  
ooinc 7 01747 1 n10c2 
00101 0774 00 1 ooooo 
no102 0634 00 1 00056 
00103 0443 no o 00133 
on104 4603 00 o 06030 
00105 0443 on o 00135 
00106 4603 no o 06032 
00107 0774 oc 1 00026 
no112 2 noooi 1 41001 
00074 1 77777 1 41002 
00110 4500 00 0 06000 
L'Olll 0361 00 0 06030 
00113 C602 00 0 06001 
BINARY CAHfl ( N O T  PUNCHED) 
on114 4774 on 1 00137 
00115 0634 00 1 c5ooo 
onlib ooocnonnoooo 
noli6 0074 00 4 04000 
no117 I ooooo o 01002 
00120 o on143 o 00110 
00171 0074 00 4 1OOOC 
00122 0070 OC 0 00031 
00123 0020 00 0 01001 
00124 0774 00 1 00031 
00125 C634 00 1 00122 
00127 
on176 oc74 00 4 07000 
no130 0500 00 o 00123 
00131 0601 00 o on122 
00132 0020 no o 00037 
00134 io4o~o4ooooo 
00133 420041004040 
00135 0 00000 0 00000 
BINARY CAR0 ( N U T  PUNCHED1 





00142 0 00000 0 11000 
00144 222324644447 
00000 
1 001 CLA 
10000 ARS 
1001 1 T XL 
1001 I T X I  
10001 ORS 
10001 L XA 
10011 T X I  
10011 T X L  
10000 AXT 
10001 SXA 
10001 D L 0  
1001 1 OST 
10001 D L 0  




1001 1 T I X  
1001 1 SLW 
10001 A XC 





10011 T S X  
10001 TRA 
10011 RETURN TRA 
10001 A XT 
10001 SXA 
10011 TSX 
10001 LASTC CLA 
10001 STf l  
10001 TRA 
10000 GP OCT 
10000 OC T 




10000 HUNBIT  OCT 
10000 B I T U  OCT 
10000 B I T T  OCT 
10011 OUT PZE 
10000 *LOIR 
10000 
01111 E NO 









3 33 322 51 2 47 2 
2c0000000000 
333326632342 


















..FIOC V IRTUAL 
.PCH. VIRTUAL 
B I T U  
1 
*+2. 1 .O 
+-2 .l .-1 
WORD3 
CNUM. 1 




GP . . BROB+24 
GP+2 . . BROB+26 
22.1 COMPUTE . .BROB THE 
..BROB+24 CHECK SUM 
*-I. 1.1 . i RRDB+1 
OUT-3.1 
SYSLOC. 1 . .BCWO 
. . F IOC. 4 
I x1  
*+1 
I X i . 1  











START=O .LFNGTH= 10 l,TYPE=7094. CWPLY.=5 
LOC=Ot LENGTH= 10 1 
LoC=O. LENGTH=O 












010466 T S  
010466 TS 





010666 T S  
5/4/66 TS861 
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REFFRENCES T O  DEFINED SYMHOLS. 
CLASS SYMHSL 
RCOllY P 




6 P  
HLlNH!T 
t x 1  
I X 7  
n i r r  
. . non 1 
..oonz 







I C T R  / /  






































125.13Q. 1 3  1 
1 3 2  
70.75 
REFFRFNCFS TO V l R T l l A L  SYMRIILS. 
..RCWD 4 116 
..RROR 
..FIO~ 8 121 . .FTCK 7 33.126 
.PCti. 9 142 
SYSLOC 5 5.115 




oouoo 0500 no o 00012 
n o m i  oc20 00 o 01007 
no007 4500 o n  n 00013 
ncoo3 0674 no 4 00050 
00004 o cocoon cnooo 
on004 oc74 0 0  4 05000 
nooot, o 00050 o o o o i i  
(inn07 c GOCOO o 00007 
ccoo7 4no00704inoi  
no007 3 no034 o 04000 
n n o i o  0534 00 4 OGOSQ 
COCll C C Z C  00 4 00001 
c n o i 2  1 onooo o coooo 
no013 3 nooon o ooooo 
oon i4  ~ c o o o n o n o o 3 4  
ooc5n ncncoGocnnon 
BINARY CARU (NOT PllNCHEOI 
00005 1 OGOCl 0 01003 



















in01  1 




S t Z E  SET 
..RCRO CLA 








..BROB B S S  
LK.OR L O I R  
SEL I O R T  
E NO 
. . RROB . . BCRD 












S I Z E  
RECORD S I Z E  
.BCR 0000 
. B C R 0 0 0 1  
11/1 /65  
11/1 /65  
11/1 /65  
1111 165 
READ ENTRY FOR BCREAD 11 /I 165 
GET CORRECT ARG FO9 .FIOS 11/1 /65  
WRITE ENTRY FOR RCDUHP 11 /1 /65  
SAVE IR4  11 /1 /65  














11/1 /65  JMLR 
11/1 /65  JMLR 
11/1 /65  JMLR 
11/1 /65  JMLR 
11/1 /65  JMLR 
11/1 /65  JMLR 
111 1 /65 JMLR 
11/1 /65  JMLR 
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O C D I C T  .RCRWD 
R I N A R Y  CARO I N D T  PIJNCHFO) 
o n o n 5 ~ o c o o o o  P R E F A C E  START=O. LENGT H=42 e T Y  P E = 7 0 9 4 1  CM PL X= 5 
REFERENCES TO 
o o o o ~ 4 o n o o o ~  
3 2 7 2 7 3 5 1 6 6 2 4  .BCRWD OECK LOC=O .LENGTH=42 
O O O C 5 2 0 C 0 0 0 0  
333 f2773 5 124 ..BCRO R E A L  LOC=O. LENGTHSO 
ocooooocoooo 
3 ? 3 3 2 ? 2 3 6 6 7 4  ..BCWO R E A L  LOC=Z.LENGTH=O 
0 C 0 0 0 0 0 0 0 0 0 7  
3 3 3  322 5 12422 ..RROR R E A L  LOC= 14.L€NGTH=O 
ccocoooooo14 
3 3 3 3 7 6 3 1  4662 . .FIOS V I R T U A L  SECT. 5.CALL 
2conooi oooon 
SOKENO .RCRWO 
O E F I N E O  SYMBOLS. 
C L A S S  SVMROl VALlJE H E F € R F N C E S  




P T H  
L C T R  RLCTR 
QUAL IJNQS 
L C T R  / /  





0 0 0 1 3  7 
on002 
n o o i z  o 
n o 0 0 7  7 
no034 7.14 
REFFRENCFS TO V I R T l l A L  SYMROLS. 
. . F I O ~  5 4  
B I R L O R  .PCH. 
$ F I L E  .PCH. 
B F D I C T  .PCH. 
B I N A R Y  CARO I N O T  PUNCHED) 
2 C 5 C 0 7 0 0 0 0 3 4  P C H  
4 7 2 3 3 O b C 6 0 6 0  
6 C 6 C b O 6 C 6 0 6 0  
h C b C 6 0 6 C h O 6 0  
ococanocoooo 
S T F X T  .PCH. 
B I N A R Y  CARD I N ( I T  PI INCHED1 
001938 
. BCR 0002 
. B C R 0 0 0 3  
. PCHOOOO 
. PCHOOO 1 
. P C H 0 0 0 2  
' PCH Q . P P  .READY ,OUTPUT . B L K = 2 8  .MULT I R E E L ,  B I N .  N O L  I ST 
F I L E  Q PCH B I N .  O U T P U T S  YOHCVN B L K = 2 8  
.PCH0003 
ENTRY .PCH. 
onnoo o m o n o  o 04001 io010 .PCH. P Z E  P C H  
PCH F I L E  PP.REA0Y .OUTPUT, RLK=28. M U L T I R E E L  B I Y . N O L 1  S I  
ooooo 01111 E NO 
B C D I C T  .PCH. . P C H 0 0 0 4  
B I N A R Y  CARD ( N O T  P l l N C H F O )  
oonooi  ocoooo 
000004onooo~ 
ccnooiononoo 
3 ? 4 7 7 3 3 0 3 3 6 0  
3 3 4 7 2 3 3 0 3 3 6 0  
OCQOOOOOOOOO 
SDKEND .PCH. 
REFERFNCES lfl I I F F I N E D  SYMHl l l  5. 
P R E F A C E  START=O. LENGT ti= l , T Y P E = 7 0 9 4 .  C H P L X = 5  
.PCH. OECK LOC=O.LENGTH=l 
.PCH. R E A L  LOC=O.LENGTH=O 
C L A S S  SYMRllL V A L l l F  REFERENCES 
.PCH. nooco 
F I L E  P C H  1 0  
L C T K  RLCTR 
QUAL I INOS 
L C T K  I /  
001938 . P C H 0 0 0 5  
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BCREANA, B) 
This routine causes absolute binary data cards as punched by the BCDUMP routine 
described previously to be read. Arguments A and B are first and last storage loca- 
tions of the data being read. The routine is called for in the FORTRAN program section 
CllO and is as follows: 
BINARY 
BINARY 
S IRLOR .RCREA 
$TEXT .BCREA 
ENTRY BCRE40 
CAR0 (NOT P U N C M D )  
00000 1 OOCOO 0 00004 10001 BCREAD SAVE 1.4 
OOOO? 0714 00 4 OOOOC 10000 
00004 C634 00  4 05000 10011 
ononi 0774 00 I oooon ioooo 
onnn’3 oc70 on 4 ooooi  i o000  
00005 
oonoh 
ooo in  











0634 00 4 00056 
0634 00 I 00001 
0560 00 4 00004 
O C 4 0  00 0 01002 
0131 00 0 O O C O O  
4600 00 0 00055 
0400 00 0 06000 
0621 00 0 00034 
04C7 00 0 00055 
0621 00 0 00030 
4774 00 4 00051 
0634 on 4 00002 
0500 on 4 00003 











oon3 i  
I NLlT PONC HE0 I 
ocoooooooooo 
0074 00 4 04000 
1 00000 0 01002 
OC74 00 4 07000 
0774 00 1 OOOOC 
0774  00 4 OOOOC 
o oon56 o o0016 
oc74 00 4 i onoo 
7 00026 1 no042 










0601 00 1 oooon 
’3 77752 4 on033 
2 00001 1 01001 
1 77777 4 01001 
0634 00  1 00030 
0070 00 0 00026 
7 00000 1 GOO47 
0774 00 4 00047 










RINARY CARD (NOT PUNCHED1 
00045 4636 00 1 00037 
nnzo no o 00032 
0774 00 4 00026 
0774 00 4 77757 
00053 
0634 00 4 no041 
4634 no 4 00037 
o ooooo o izono 




















































S T O  









1 x 1  AXT 
T X L  
1x4  AXT 
C L A  
S T O  S T O  
T I  X 
T X I  
C K I R 4  TXH 
5 XA 
T RA 























SYS LOC. 4 
. . BCRD 
. . F I O C . 4  . .FTCK.4 
**.1 
LASTC.1.22 
0 - 4  
..BROB+2.4 **. 1 
*+1.1.1 
* + l r 4 . - 1  
STO-114.-22 
I X 1 . 1  
KEA0 
OON€r 1 .G 
O O N F . 4  
L A S T C - 1 . 4  




-22 r 4  





1 1 / 1 / 6 5  JMLR 
1 1 / 1 / 6 5  JMLR 
GET F I R S T  ARG. 
GET SECUNO ARG. 
COYPARE 
I F  ZNO L E S S  EXCHAYGE 
STORE SMALLEST ARG 
A 0 0  1 
STOKE FOR YOVF 
COMPUTE COUNT 
STORE FUR MOVF 
LOCPTE UNO5 L I K E  F I V  C A L L  
AN0 SAVE I N  SYSLJC 
1 1 / 1 / 6 5  
1 1 / 1 / 6 5  
I1 11 / 6 5  
1 1 / 1 / 6 5  
1 1 / 1 / 6 5  
1 1 / 1 / 6 5  
1 1 / 1 / 6 5  
1 1 / 1 / 6 5  
1 I /  1 / 6 5  
1 1 / 1 / 6 5  
1 1 / 1 / 6 5  
SET U P  REAO 11 / I  / 6 5  
READ RECORD 
CHECK REAO 
P I C K  U P  COUNT L E F T  
I S  ONLY 1 REC L E F T  
REC CNT 
MOVE WORDS 
T O  STORE 
OECR. COUNT 
OECR. REC COUNT 
CR. REC COUVT 
NO SAVE REMAINING COUNT 
GO RFAO NEXT RFCORO 
ANY MORE HOROS 
YES STORE T O  E X I T  VEXT 
T I M E  
1 1 / 1 / 6 5  
11/ 1 / 6 5  
1111 / 6 5  
1 1 / 1 / 6 5  
1 1 / 1 / 6 5  
1111 / 6 5  
1 1 / 1 / 6 5  
1 1 / 1 / 6 5  
11/ 1 / 6 5  
11 11 /65  
1 1 / 1 / 6 5  
1 1 / 1 / 6 5  
0 4 / 2 6 / 6 6  
11/ 1 /65  
11 11 /65  
SET REC CNT = NO HJROS L E F T  1 1 / 1 / 6 5  
GO PROCESS RECORD 1 1 / 1 / 6 5  
RESTORE E X I T  1 1 / 1 / 6 5  
1 1 / 1 / 6 5  
RESTORE RFC CUT 1 1 / 1 / 6 5  
1111 165 
1111 165 
A00 O F  U N I T  5 1 1 / 1 / 6 5  






































S C O I C T  .BCREA . R C R 0 0 0 2  





~ O O O ~ O ~ C O ~ O O  
7ooonoocor~oo 
7cooonocoooo 
7 o n o o n o o o n o o  
2c000000n000 
7coonnocoooo 
D G O C 0 4 0 0 0 0 0 5  
3 3 7 7 2 3 5 1 2 5 2 1  
2 2 7 3 5 1 2 5 2 1 2 4  
2 7 2 3 5 1 2 5 2 1 2 4  
3 3 3 3 2 2 2 3 5 1 2 4  
6 2 7 0 6 2 4 3 4 6 2 3  
b 7 7 0 6 2 4 6 4 5 2 5  
3 3 3 3 2 6 3 1 4 6 2 3  
3 3 3 3 2 6 6 3 2 3 4 7  
3 3  3 3 2  7 5 1  2422 
3 3 6 4 4 5 0 C 0 5 3 3  
2 c 0 o f l o 0 c 0 0 0 0  
SOKEND .BCREA 
R F F F R F N C F S  TO O E F I N E D  SYMROLS. 
C L A S S  SYMBOL 
RCRFAD 
CK I R 4  
OflN E 
1 x 1  
1 x 4  
..0001 . .on02 
I AFTC 
R F A D  
..on03 
I.CTR HI.CTR 
OI lAL lfNCJ.5 
















.BCREA D E C K  
RCREAO R E A L  
BCREAD R E A L  
..RCRD V I R T U A L  
SYSLOC V I R T U A L  
SYSONE V I R T U A L  
..FIOC V I R T U A L  
..FTCK V I R T U A L  
..RRDR V I R T U A L  
. UN05. V I R T U A L  








3 1  944.50 
41.47 
1 6 . 3 7  
14.17 
2 1  
REFERFNCES TO V I R T U A L  SYHROLS. 
..RCHD 4 23 . . RR DR 9 33 
..FIOC 7 26 
.llNO5. 10 54 
SY SLOC 5 4.72 
SY SIlNF 6 15 
. F T C K  a 2 7  
START=O.LENGTH=48 .TYPE=?094*  C H P L X = 5  











This function shifts the fixed point variable M left N places in the accumulator. 
The function is used in the FORTRAN program sections C140 and C160. 
This function shifts the fixed point variable M right N places in the accumulator 
The function is used in the FORTRAN program sections C30 (twice), C140, and C770. 
The two shift functions are as follows: 
7094 RFLMflO ASSEMRLY. 
SIBLOR .SHIFT 
STEXT .SHIFT 
BINARY -CARD (NOT PIJNCHEOI 
COCO0 0500 60 4 00003 
00002 4500 h C  4 00004 
00001 0671 00 o o i o o z  
onno3 0767 00 o ooooo 
00004 4130 00 o ooooo 
no005 O I P ~  00 o ooooc 
ocno6 oc20 0 0  4 OOOOI 
no007 0500 60 4 00003 
OOOIO O C Z I  00 o 01002 
on011 45co 60 4 00004 
no012 0771 on o ooooo 
00013 4130 00 o ooooo 
0 ~ 0 1 4  0 1 3 1  00 o ooooo 




10000 I A L S  CLA*  






10000 I A R S  CLA* 
10011 STA 
10000 CAL* 



















PREFACE S T A R T = 0 . L E N G T H = 1 4 r T V P E = 7 0 9 4 . C ~ P L X = 5  
3 362303 12663 .SHIFT DECK LOC=O,LENGTH=14 
O O O C l h O O O O O O  
312143h76060 I A L S  REAL LOC=O .LENGTH=O 
ooooooncnooo 
3121 51676C60 I A R S  REAL LOC=7,LENGTH=O 
000000000007 
SDKENO .SHIF l  
REFFRFNCES TO OEFlNED SYMBOLS. 
Cl ASS SYNflflL VALUF REFERENCES 




I C T R  I /  
S H i 0 0 0 0  
. SHIOOOI 
. SH 10002 
001938 . S H I  0003 
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APPENDIX D 
DETAILS IN PREPARING INPUT 
Uniform Format 
Except for binary EF data cards, all input cards are read in with a uniform format, 
namely A6, 4(A6, F12.0), 12. The sections of the card will be referred to as follows: 
Label 3 
43 to 48 columns 1 to 6 I Card I I Format I A6 
Numerical 
value 3 
49 to 60 
Label 1 




13 to 24 
Label 2 
25 to 30 
Numerical 
value 2 
31 to 42 
F12.0 
Label 4 Numerical 
value 4 I 
I 61 to 66 
A6 
67 to 78 A 79 to 80 
The labels (label 1, label 2, . . . ) are codes on all types of input cards except one. 
(The exception, described in the section Data cards for FMEDN, ALLN, o r  TEMPER 
methods, is the card containing spectroscopic data for atoms). These codes serve two 
purposes. One purpose is to specify an option in the program. For example, the label 
RRHO specifies a method of calculation. The second purpose is to identify the number 
which follows it. For example, the label R on the CONSTS card precedes the numeri- 
cal value of the universal gas constant. 
The last two columns (79 and 80) are used only with molecular constant data. For 
atomic gases, the principal quantum numbers are punched in these columns if needed 
with the method being specified. 
level identification is punched in these columns if excited states a re  included. 
For diatomic and polyatomic gases, the electronic 
Some general rules in keypunching the input cards a r e  given as follows: 
(1) With one exception, card columns 1 to 6 and labels are alphanumeric and must 
be left-adjusted. 
spectroscopic constants for monatomic gases are numbers and do not need to be left- 
adjusted. (See DATA cards. ) 
The exception is that the labels on the DATA cards which contain 
(2) All blank labels are ignored by the program. 
(3) For the specific data, each numerical value must be immediately preceded by 
its label. However, the order of values is usually immaterial. Exceptions are noted in 
the details for  the individual cards. 
(4) The numerical values may be the following: 
(a) A right-adjusted integer 
(b) A floating-point number without exponent (e. g. , 0. 00021), anywhere in the 
field 
75 
(c) A right-adjusted floating-point number with exponent indicating decimal 
place (e.g., 2.1-4  is 2. lX10-4) 
(5) The last two columns (79 and 80) are right-adjusted integers. 
Order of Input Cards 
Some discussion on the order of the input cards is given in the section General Flow 
of the Program. Specific instructions for placement of the individual cards are given in 
the details for making up the cards. 
Ordinarily the general data cards should precede the specific data cards. However, 
general data cards may be inserted after the specific data for one or more species. The 
information on these cards, however, will be available only for the calculations called 
for by specific data which follow it. If a second CONST card, ATOM card for a par- 
ticular atom, or set of EFDATA and binary E F  data cards for a particular reactant is 
inserted, the data on the second card(s) are used for the succeeding calculations. 
Otherwise, the general data may be read in any order as long as the EFDATA and 
binary EF data cards remain in an ordered set for each reactant, namely EFDATA card 
followed by binary E F  data cards as numbered in card columns 79 to 80. 
For a single computer run, there may be any number of species processed where 
each species requires its own set of specific data. The set of specific data cards for  
each species should be in the following order: 
(1) Formula card 
(2) Optional cards (REFNCE, EFTAPE, LOGK, LSTQS, INTERM, or  DATE) in 
any order 
(3) TEMP card(s), if any 
(4) METHOD card 
(5) DATA card(s) 
(6) FINISH card 
There may be more than one set  of 
these cards for a single species. 
General Data Cards 
Examples of the individual cards discussed in this section are given in appendix F. 
CONSTS card. - - This card, which contains physical constants, is not optional. An 
example of the necessary labels and one possible set of numerical values is as follows: 
1.4388 
Universal gas constant 1.98726 
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A more recent set of physical constants is given in reference 35. 
be as follows: 
ATOM cards. - The order of the labels and information on each of these cards must ~.
Card section 








Left-adjusted atomic symbol, for example, H, HE, LI 
Atomic weight 
Left-adjusted formula of assigned reference element. 
The formula must give the atomic symbol, the numbei 
of atoms (even if just one), a left parenthesis, G or  S 
depending on whether the elemental form is gas or 
solid, respectively, and finally a right parenthesis. 
Examples: Pl(S), 02(G), LIl(S) 
Coefficient, b, in equation (8) 
Sum of the statistical weights c g i  (eq. (8)) for  the 
ground electronic state 
Numerical values 2 and 3 are needed only with the FILL option on the METHOD 
card for monatomic gases. These values were included for Mg(g) in example 5 in 
appendix F. 
EFDATA . .  and - binary ~ E F  data cards. - A set of these cards contains enthalpy and 
free energy data for either a monatomic gas or an assigned reference element. The 
data will be put on FORTRAN tape number 3 and used for  AH; and log K calculations. 
There may be any number of sets, or  none, of these cards in the general data. These 
cards are not keypunched, but rather are part of the punched card output of a previous 
run. In order to obtain these punched cards, the previous run required an EFTAPE 
option card in the species input data for either an assigned reference element or a 
monatomic gas. For  example, a set of these cards were  punched in example 2, ap- 
pendix F, for  F2(g) and used as input in example 3. 
LISTEF card. - The LISTEF card is optional and contains the card columns 1 to 6 
code only. The data on any binary E F  data cards which follow the LISTEF card will be 
listed. The binary E F  data cards for each reactant must still be immediately preceded 
by an  EFDATA card. (See example 5 in appendix F. ) 
Specific Input Cards 
Examples of the individual cards discussed in this section are given in appendix F. 
Formula card. - This card is the first card for each species and is reserved for 
two pieces of information. First, the species formula, as detailed below, is always 
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required. Second, either an assigned enthalpy or a heat of reaction value with the cor- 
responding units and temperature is required only when calling for either of the follow- 
ing two options: 
(1) log K and AH calculations, or 
(2) Least-squares f i t  of the thermodynamic functions 
The first 12 columns are reserved for the formula of the species. Even when the 
formula takes less than 7 columns, columns 7 to  12 (label 1) should never be used for 
any code as is done on other types of cards. The formula should be left-adjusted and 
no blanks. It should be punched in the following order: 
Each atomic symbol followed by the number of atoms even if the number is 1; 
these atomic symbols should correspond to the symbols on the ATOM card in 
the general input 
For ionic species, the proper number of pluses or minuses should be punched 
A left parenthesis 
A G for  a gas, a n  L for a liquid, or an  S for solid 
A right parenthesis 
The following a r e  examples for ionized species: 
01++(G) 
0 2  -(G) 
The remainder of the card is reserved for a heat of reaction, the energy units for the 
reaction, and the temperature of the reaction. There are five forms in which the heat 
of reaction may be expressed and five choices of units. 
table IV. 
REFNCE card. - The only purpose of this card is to identify sources of input data. 
The labels and numerical values a r e  arbitrary. (See MgO(g) in example 5, appendix F. ) 
EFTAPE card. ~. - This option card is used either with an atomic gas or an assigned 
reference element whose data are needed for succeeding AH; and log K calculations. 
The card has only the letters EFTAPE punched in card columns 1 to 6. Inclusion of the 
card causes the H: and the (HOT - H:)/RT and -(Fg - H:)/RT data for this species 
to be (1) put on the end of FORTRAN tape 3 where they are available for use with suc- 
ceeding calculations during the same computer run and (2) punched on cards to be in- 
cluded with other general data during future computer runs. (See example 2 and Mg(g) 
in example 5, appendix F. ) 
These are summarized in 
LOGK card. - Inclusion of this option card causes tables of thermodynamic prop- 
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erties including log K and AH to be listed. It simply has the code LOGK punched in 
card columns 1 to 4. The log K and AH calculations will be for  reactions involving 
either the assigned reference elements or the monatomic gases or both depending on 
what data are available on FORTRAN tape 3. If there is no matching temperature in the 
appropriate atomic gas or assigned reference element data on FORTRAN tape 3, the 
data that are there will be interpolated by three-point Lagrangian interpolation. (See 
example 3 and Mg(s) in example 5, appendix F. ) 
LSTSQS card(s). - Inclusion of one or more of these cards calls for a least-squares 
f i t  of the functions to equations (10) to (12) as discussed in the section on Least-squares 
f i t .  - The LST8QS card(s) may contain three possible labels, T, EXP, and TCONST, and 
their corresponding values. In table V, desired temperature intervals are given by 
using T labels, and exponents (qi in eqs. (10) to (12)) are given by using EXP labels. 
The f i t  will be constrained in two ways, (1) to f i t  the data at one temperature which must 
be an endpoint of an interval (TCONST label) and (2) to give equal values of the thermo- 
dynamic functions at common endpoints of the intervals. The numerical values asso-  
ciated with the T and TCONST codes must be equal to some temperature in the tem- 
perature schedule for the thermodynamic functions. (See Mg(g) in example 5, ap- 
pendix F. ) 
be assigned by the program. If no TCONST is given, it will be assigned to be either 
1000° K or, if a phase transition takes place, the temperature of transition (each phase 
will be fitted separately). If no EXP is given, the qi values will be assigned to be 
0, 1, 2, 3, and 4. If no T's a r e  given, the temperature intervals will  be assigned to 
be 300' to 1000° K and 1000° to 5000' K .  (See example 4, appendix F. ) 
thermodynamic functions a r e  being calculated from molecular constants. 
in example 5, appendix F. ) 
binary least squares coefficient cards. The card should contain only one label which 
will be punched as the last word on the last least squares coefficient card punched for  
each species. (See Mg(g) in example 5, appendix F. ) 
functions are to be calculated. 
per species. 
with a T label. (See table V. ) However, if there are several temperatures incre- 
mented by a fixed amount, this part  of the temperature schedule may be specified by 
punching in order: the lowest temperature labeled T, the increment labeled I, and the 
highest temperature labeled T. For  example, the temperature schedule, 100, 200, 
If any of the three possible labels a r e  omitted on the LSTsQS card(s), values will 
INTERM card. - This card calls for intermediate output to be printed out when 
(See H20(g) 
DATE card. - The purpose of the DATE card is to punch a date or  code on the 
_______-- TEMP card(s). - These cards give a temperature schedule for which thermodynamic 
The program allows for a maximum of 201 temperatures 
Each temperature in the desired temperature schedule may be specified individually 
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298.15, 300, 400, 500, 600, 688.2, 700, 750, 800, 850, 900, 962.3, and 1000, could 






















The temperature, 298.15' K, is always inserted in the temperature schedule when 
there are temperature values below and above 298.15' K. (See examples 1 and 3, and 
Ar(g), H20(g), Mg(s), and MgO(g) in example 5, appendix F. ) 
If there are no TEMP cards in a set of data where the thermodynamic functions are 
to be calculated, the program (section C40) assumes the standard temperature schedule 
used in reference 3, namely, every 100' from 100' to 6000' K with 298.15' inserted 
between 200' and 300' K. (See example 2 and Mg(g) in example 5, appendix F. ) 
The only option for which TEMP cards must not be used is READIN (see METHOD 
card). For this option, the temperatures are read in on DATA cards together with the 
thermodynamic functions to which they correspond. (See example 4 and Mg(s) in 
example 5, appendix F. ) 
METHOD card. - This card follows the option cards and must be included for any 
calculations to take place. It specifies the technique for obtaining the thermodynamic 
functions (see section Options) and immediately precedes the data required by the 
method (DATA cards). The card has the code word METHOD in card columns 1 to 6. 
The possible codes in the label and numerical value columns a r e  summarized in 
table VI. The functions may be (1) calculated from molecular constants for ideal gases 
(labels FMEDN, ALLN, or  TEMPER for monatomic molecules and labels RRHO, 
PANDK, JANAF, NRRHO1, or NRRHO2 for diatomic and polyatomic molecules) (see 
examples 1 to 3 and H20(g), Mg(g), and MgO(g) in example 5, appendix F), (2) cal- 
culated from coefficients and exponents using equations (10) to (12) (label COEF), (see 
Ar(g) and Mg(z ) in example 5, appendix F), or (3) read in directly (label READIN) 
(see example 4 and Mg(s) in example 5, appendix F). .These calculation techniques 
are discussed in the section CALCULATION OF IDEAL GAS THERMODYNAMIC 
FUNC TIONS . 
tional codes and information as indicated in table VI. 
In conjunction with these method codes, the METHOD card may contain some addi- 
Occasionally, a single method may not apply to the entire desired temperature range 
for  a species. In this case the following cards must be included for each temperature 
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interval, in order: (1) TEMP card(s) for the desired temperature interval (if the method 
is not READIN), (2) a METHOD card for this temperature interval, and (3) the asso- 
ciated DATA cards. The sets  should be in order of increasing temperature. (See 
Mg(s, 1) in example 5, appendix F. ) 
DATA cards. - These cards follow the METHOD card and contain the input data re- 
quired by the method. Except for the spectroscopic data of monatomic gases (see ex- 
ample 2 and Mg(g) in example 5, appendix F), the labels are codes identifying the 
numerical values that follow them. Table VI1 is a summary of the labels and numerical 
values to be used on DATA cards for the various methods given in table VI. A further 
description of the DATA cards for  the various methods follows: 
DATA cards for READIN method Each card must contain four labels with the four 
corresponding numerical values as indicated in table VII. The four labels correspond 
to temperature, heat capacity, enthalpy, and either entropy or  free energy. Tempera- 
ture always has the label T; however, the other three have several options as given in 
table VI1 depending on the data to which they correspond. If enthalpy and f r ee  energy 
rather than Ho the Hig8. 15 - H: value must be included are referred to H298. 15 
(See example 4 and Mg(s) in example 5, appendix F. ) 
0 
on the METHOD card (label H298HO) if HT O'O - H: values are desired in the final tables. 
DATA cards for COEF method: The coefficient and exponent values for each set of 
empirical equations (eqs. (10) to (12)) must be preceded by the values of the temperature 
limits (T labels in table VII) for  which the equation applies (see Ar(g) and Mg(s) in 
example 5, appendix F). The lower T value must be the first numerical value. 
stants for enthalpy and entropy 
Occasionally, the coefficients ai (i = 1, r) are available while the integration con- 
and ar+2 a r e  not. For this case, ar+l and 
values may be calculated by the program in one of the following ways: 
(1) Reading in an  enthalpy and an entropy o r  free energy value with the correspond- 
ing temperature on the first card. The labels and values should be the same as for the 
DATA cards for the READIN method except that Co or Co/R may be omitted. 
METHOD card (see table VI)). This method may be used only when the two phases re- 
lated by the transition value are being processed in the same run. The reason is that 
the transition value is combined with the enthalpy or  entropy value for the last tempera- 
ture of the preceding phase. (See Mg(s, I) in example 5, appendix F. ) 
With COEF method there is an option to punch these coefficients on binary cards in 
the form required for use with the IBM program described in reference 33. 
LSTSQS option, similar binary cards are always made and are not optional. ) For each 
set of coefficients the temperature intervals to be punched are indicated with TPUNCH 
P P 
(2) Using the value of enthalpy or entropy of transition (DELTAH or DELTAS on the 
(With 
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labels and corresponding values which give the endpoints of the intervals. These 
TPUNCH values may or may not be the same as the T values for  the set. For  refer- 
ence 33, coefficients for two temperature intervals are required. In the event there 
is only one set of coefficients available, the same set can be used in two intervals by 
using three TPUNCH values. (See Ar(g) in example 5, appendix F. ) 
DATA cards for FMEDN, ALLN, or TEMPER methods: In contrast to all other 
types of cards using the universal format, these cards use the label columns as well as 
the numerical columns for numbers. The labels contain the total angular momentum 
quantum number Jm (eq. (7), and the numerical values contain the excitation energy 
Em/hc (eq. (7)) in centimeters-'. For either the FILL option o r  the FMEDN method, 
the principal quantum numbers must be punched in card columns 79 to 80, right- 
adjusted. The data on the remaining portion of the card must correspond to that prin- 
cipal quantum number. 
DATA cards for  RRHO, PANDK, JANAF, NRRHO1, or NRRH02 methods: The 
equations for the partition function of the various methods a r e  given in tables I and II. 
The input data must always contain at least the following quantities for each electronic 
state: 
(1) The fundamental vibrational frequencies of the molecule (we or vi) 
(2) Either the rotational constant(s) (Bo for linear; Ao, Bo, and Co for nonlinear 
molecules) or the moment(s) of inertia (IB for linear; I*, IB, and IC for 
nonlinear molecules) 
(3) The symmetry number 
(4) The statistical weight 
Other spectroscopic constants such as anharmonicity or rotation-vibration interaction 
constants are optional. If these optional constants are not included, correction terms 
involving them a r e  automatically excluded from the partition function. (See example 1 
(RRHO), example 3 (PANDK), and H20(g) (NRRA02) and MgO(g) (PANDK) in ex- 
ample 5, appendix F. ) 
processed separately. Therefore, the data cards must be grouped together with an 
identifying number in card columns 79 to 80. For  example, the data for  the three 
electronic states included for MgO(g) in example 5, appendix F, a r e  distinguished by 
1, 2, or  3 punches in card column 80. 
When excited electronic states a r e  involved, the data for each state are read and 
FINISH card. - This card is the last card in the specific input cards for each 
species. It contains only the code in card columns 1 to 6. 
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APPENDIX E 
DETAILS IN OUTPUT 
Punched Cards 
Certain options in the specific data cause cards to be punched. A description of 
these punched cards follows. 
EFDATA - _ _ _ _ _  and binary - E F  data. - A set  of EFDATA and binary E F  data cards is 
punched when an EFTAPE card has been included in the specific data for either an as- 
signed reference element or a monatomic gas. 
The first card is the EFDATA card and is punched in the uniform format. It con- 
tains the formula, the H: value, the melting point, and the number of temperatures for 
which enthalpy and free energy data are available on succeeding binary cards. 
Each binary card contains the chemical formula and seven temperatures with corre-  
sponding (HOT - H:)/RT and -(F! - Hi)/RT values (except possibly the last card which 
may have seven o r  less). 
computer runs and be available for AH; and log K calculations. (See the general 
input in examples 3 and 5 in appendix F. ) 
Coefficients for  empirical equations. - Coefficients for empirical equations 
(eqs. (10) to (12)) will  be punched on column binary cards if one of the following is true: 
(1) A LSTSQS option card is included in the specific data for a particular species. 
The coefficients a r e  obtained from a least-squares f i t  of the functions. 
(2) Predetermined coefficients a r e  read in directly (method COEF), and TPUNCH 
codes are on the DATA cards. 
The format used for  punching these coefficient cards was selected to be consistent 
with that used in reference 33. The following information is punched on these cards: 
The remaining cards a r e  binary E F  data cards and are punched in column binary. 
These cards are punched so that they may be used as general input for  subsequent 
The formula of the species as given on the formula card 
The ionization potential if there is one 
The entire temperature range 
The temperature ranges of the intervals 
Seven coefficients (al, . . . , a5 in eq. (lo), ar+l in eq. (11), and ar+2 in 
eq. (12)); if there are fewer than 5 coefficients in equation (lo), zeros will be in- 
serted but if there are more than 5 coefficients, only the first 5 will be punched 
Note the exponents (qi in eqs. (10) to (12)) are not punched. However, they are 
listed together with the ai following the intermediate data associated with the least- 
squares f i t  for each temperature interval. (See output listings for example 4 and Mg(g) 
83 
in example 5, appendix F. ) For reference 33, q1 = 0, q2 = 1, . . . , q5 = 4. 
There a r e  24 binary words on a card. Table VIII shows the contents of these cards 
for up to the nine interval Limit. Only as much data are punched as required by the tem- 
perature intervals. The temperature intervals are the values following T labels on the 
LSTSQS cards or TPUNCH labels on the DATA cards following a METHOD COEF card. 
When no T labels are punched on the LSTsQS card(s), two intervals a r e  assumed, 
T = 300' to T = 1000° K and T = 1000° to T = 5000' K.  The contents of these cards 
are listed as they are punched. (See output listings for examples 4 and Ar(g) and 
Mg(g) in example 5, appendix F.) 
Listed Output 
Input data cards in the uniform format as well  as tables of thermodynamic functions 
resulting from each set of specific data a re  always listed. Other data will  be listed with 
certain options. 
Input data. - All input data cards in the uniform format a r e  listed immediately after 
they are read. The output format is similar to the uniform input format with spacing 
between the labels and values. Numerical values which are zero are left blank. (See 
examples in appendix F. ) 
when an LISTEF card precedes the EFDATA card somewhere in the deck. (See the gen- 
eral input and output data in example 5, appendix F; only the O2 data a re  listed. ) 
Punched card output. - The contents of all cards punched by the program will be 
listed except for the binary EF data cards. For this latter case, the punched data will 
be listed only when a LISTEF card precedes the specific data somewhere in the deck. 
In example 3, appendix F, the punched binary EF  data are not listed while for Mg(g) 
in example 5, they are. This is because of the LISTEF card in the general data of 
example 5. 
always listed with each set of specific data. These tables are the following: 
The data on the binary E F  data cards which are read in as input will be listed only 
Tables of thermodynamic ~ __ -. properties. -____ - Two tables of thermodynamic functions are 
(1) Table of dimensionless properties as follows: 
T, c ~ / R ,  (H; - H ~ ) R T ,  (H; - H & 8 . 1 5 ) / ~ ~  (if T = 298.15 is in T range), 
s ~ / R ,  -(F; - H~) /RT,  -(F; - Hi98. 1 5 ) / ~ ~  (if T = 298.15 is in T range), 
Hg/RT (if an Hi value is available), and -F;/RT (if an H i  value is 
available) 
(2) Table of dimensioned properties as follows: 
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T, ci, Hg - Hi, H; - Higas 15 (if T = 298.15 is in T range), S;, -(F; - Hi) ,  
-(F; - Hg98. 15 ) (if T = 298.15 is in T range), H g  (if an H i  value is avail- 
able) and -FT 0 (if an H i  value is available) 
See output for the examples in appendix F. 
are listed for that particular species. (See example 3 and Mg(s) and MgO(g) in ex- 
ample 5, appendix F. ) These two tables are the following: 
When a LOG K option card is included in a set of specific data, two additional tables 
(1) Table of dimensionless properties as follows: 
T, Ci/R, ( H i  - H;)/RT, So/R, -(F; - Hi)/RT, H;/RT, F;/RT, and 
AH;/RT and -AF;/RT for reactions from the assigned reference elements, 
and AH;/RT and -AF;/RT for reactions from the monatomic gases 
(2) Table of dimensional properties as follows: 
T, C:, H; - HE, SOT, -(F; - Hi) ,  H i ,  and AH; and logl# for formation 
from the assigned reference elements, and AH; and logl# for formation 
from monatomic gases 
These tables will have an asterisk and a footnote indicating where a melting point has 
occurred in an assigned reference element. (See MgO(g) in example 5, appendix F, ) 
(H; - HE)/RT, and S;/R, results when LSTSQS card is included in a set of specific 
data. (See example 4 and Mg(g) in example 5, appendix F. ) 
Least - _  - .  squares -. polynomial and errors .  - A least-squares f i t  of the functions, Ci /R,  
For each temperature interval, the following information is listed: 
(1) For each T within the interval, 
(a) $/R, (HOT - HE)/RT, and -(Fg - HE)/RT 
(b) Functions in ( la)  as calculated from least-square coefficients and equa- 
(c) Differences in (la and b); these values a r e  referred to as e r ro r s  hereinafter 
(d) Values in (IC) divided by original values in ( la) ;  these values are referred 
tions (10) to (12) 
to as relative e r r o r s  hereinafter 
(2) For e r r o r s  in entire interval for each function in (la): 
(a) Maximum relative e r r o r  (MAX REL ERR) and corresponding temperature - 
(b) Average relative e r r o r  (AVER REL ERR) - see (Id) 
(c) Root mean square of relative e r ro r s  (REL LST SQ ERR) - see (Id) 
(d) Maximum e r ro r  (MAX ERR) and corresponding temperature - see (IC) 
(e) Average e r ro r  (AVER ERR) - see (IC) 
(f) Root mean square of errors (LST 5 Q  ERR) - see (IC) 
see (Id) 
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(g) C ~ / R  equation (see eq. (10)) for coefficients ai/R 
(h) Integration constants in equations (11) and (12) as follows: 
(H - HO)/R CONSTANT = (ar+l - H$/R 
H/R(A6) CONSTANT = ar+l /R 
S/R CONSTANT = ar+2 /R 
Finally, the contents of the punched binary coefficient cards are listed. See the section 
Punched card output. 
Intermediate data with FILL option for monatomic gases. - Unobserved but pre- 
dicted energy levels for monatomic gases will be included in the partition function 
(eq. (7)) if the FILL code is punched on the METHOD card. See the section Inclusion 
of predicted levels for the method of predicting the levels. 
In Mg(g) in example 5, appendix F, the following data are listed in columns from 
left to right: 
(1) b value from ATOM card (see eq. (8)) 
(2) Principal quantum number n 
(3) bn2 b e d i c t e d  c ( 2 J  + l)] 
(4) 
(5) Column (3) minus column (4) 
(6) Highest energy level for principal quantum number 
(7) Sum of column (5) and 2 J  + 1 fo r  level of column (6) 
Intermediate data with INTERM card. - Intermediate data are listed for ideal gas 
Monatomic gases: For  monatomic gases several items are listed. The input data 
(2J + 1) from input data 
calculations if an INTERM card is included in the specific data for a particular species. 
are listed in order of increasing energy level values. The data include, from left to 
right, values for the principal quantum number, J, 25  + 1, and the energy level. 
For each temperature, three lines of data are listed as follows: 
(1) A statement indicating where the energy levels were cut off; five possible state- 
ments are the following: 
(a) NOT ALL LEVELS WERE USED. X IS GREATER THAN 85. - This state- 
ment indicates that not all atomic energy levels were used because e/kT > 85 in equa- 
tion (7). 
cates all atomic levels were used through a fixed principal quantum number (method 
(b) ALL LEVELS USED THROUGH N = (FMEDN value) - This statement indi- 
FMEDN). 
(c) ALL ASSIGNED LEVELS HAVE BEEN USED - This statement indicates all 
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atomic levels in input were used (method ALLN) 
TOO SMALL - This statement indicates not all atomic levels were used because the 
following conditions occurred 
(d) NOT ALL ASSIGNED LEVELS WERE USED, Q AND DERIVATIVES ARE 
-10 Qm 5 1x10 
and 
(Em/kT)2Qm 5 1x10 -10 
when E,/kT > 2. 
(lowered IP value). - This statement gives the lowered ionization potential value (i. e., 
ionization potential - Tk/hc) where levels have been cut off. 
(e) ALL LEVELS HAVE BEEN USED TO THE MERMAL BINDING ENERGY 
(2) Values of T, Co/R, (HF - Hi)/RT, and -(FF - HE)/RT 
Diatomic and polyatomic gases: Intermediate results are listed when an INTERM 
P 
(3) Values of E/kT, Q, T dQ/dT, T 2 2  d Q/dT2 + 2T dQ/dT (eq. (7)) 
card is included with the specific input data cards for a diatomic or polyatomic gas and 
the method of calculation is RRHO, JANAF, PANDK, m o l ,  or NRW02. These 
results include values for the formulas and variables defined in tables I and II. Although 
the molecular constants are always listed as they are punched on the DATA cards with 
an INTERM card, many of them are listed again. 
The following data are listed (see tables I and I1 for definitions and H20(g) in ex- 
ample 5, appendix F): 
(1) A(), Bo, CO, P 
(3) 61, 02, 63 





(6 )  LEVEL = (value in card columns 79 to 80 which is used to identify the electronic 
(7) vi, $ 9  gii 
(8) T 
(9) ui> ri, Si, i 
(10) As required by the method of calculation, values for the formulas in tables I 
and II are listed for  Q, In Q, T d(ln Q)/dT, and T 2 2  d (In Q)/dT2 + 
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2T d(ln Q)/dT. The latter three values are additive contributions to 
-(Fg - H:)/RT, (Hg - Hg)/RT, and Co/R, respectively, when only the ground 
electronic state is considered. These values are identified in the listing by 
codes which correspond to the formula numbers as follows: 
P 


















. . - - - -. - 
Formula number: 
in tables I and II 
1 
2 




8 to 11 





18 and 19 
20 and 21 
22 and 23 
24 to 27 
-~ - - 














V 2 ( 2 )  
The punched card input and listed output a r e  given for several  sample problems. 
Each of these The first four examples are simple problems with minimal input. 
examples is for a particular species with only as much general data shown as required. 
These four problems may be run individually, o r  they may be run together in a single 
computer run. For this latter case, the general data may be combined. A listing of 
input cards is given with the combined general data of these first four species. 
The fifth example includes specific input cards for five species and general input 
cards which accommodate a much larger variety of problems. It has, for example, 
ATOM cards for  the first 20 elements. Such a set of ATOM cards may be considered a 
permanent part of the operating deck. 
keypunching input cards are described in appendix D. 





Example 1 (MgF2(g) with RRHO Method) 
Numerical Label I 2  value 1 
I 
Problem. - Calculate the thermodynamic functions for MgF2(gas) from 100' to 
500' K at 100' intervals assuming a rigid-rotator harmonic -oscillator approximation and 
using the following data: 
(1) Physical constants: hc/k = 1.4388 (centimeters)(degrees), R = 1.98726 calories 
per mole per %, and Sc = -3.66511 calories per mole per OK 
(2) Atomic weights: F = 19.00 grams per mole and Mg = 24.32 grams per mole 
(3) Molecular constants: statistical weight = 1, v1 = 540 centimeterm1, v2 = 500(2) 
centimeter-', v3 = 820 centimeter-', IB = 19. ~ ~ x I o - ~ '  (grams)(centimeters 2 ), 
and symmetry number = 2 
Punched ._ . card input. - The punched card input is as follows: 
1.98726 
500.  





19 .0000  F 2 ( G )  
24 .3200  M G 1  ( S  
]TEMP I 100. I 
value 3 value 4 
I I 
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Listed output. - The listed output is as follows: 
CONSTS HC K 1.43a~ooo R 
ATOM F 19. F 2 t G I  
ATOM MG 24.31 9 9 9 9 9  MGIIS) 
M G l F 2 l G l  
TEMP T 100. I 
HETHOO RRHO 
MOLECULAR WT.= 62;32000 
OATA STATWT 1. v1 
OATA 18 19 .7700000  SYMNO 
F I N I S H  
MGlF2(  G I  
EITHER A S I N O H I O E L T A H ~ H F 2 9 8 ~ l P A T O M ~ O R  OISSOC WAS NOT FOUND ON THE FORMULA CARD. C520 
100. T 
540 .  V2(  21 
2. 
MGlF2(  GI 
NO HZERO VALUE I S  AVAILABLE 
T CP/R 
100 3.6044264 
2 0 0  4.668971 1 
298.15 5.6537278 
300 5.6683680 
400 6.28 2 403 8 
500 6 - 6 5 0 2 3 0 6  
H G l F 2 t G )  
T CP 
1 0 0  7.1629324 
2 0 0  9 .2784594  
298.15 11.2354270 
300 11 - 2 6 4 5 2 0 9  
400 12.4847697 
500 13.2157372 
H G l F 2 (  GI 
(H-HOI / R T  
3.5141 8 6 7  
3 .8004504  
4.2 5 9 5 6 8  9 
4.26821 1 4  




1510 .4966  
2523.8013 
2 544.61 3 7  
3737.3669 
5025.3952 
l H - H 2 9 8 l / R T  
-9.1857179 













23 .0655146  
25.8549500 
27 .9161122  
27 .9511299  
29 .6735663  
31 .1183319  
S 
45.8 37 1 7 4  
51.38050 7 
55.476573 
55.546 1 6 2  
58.969091 
61 .840216  
4 F-HO)/RT 




24.97 1908 1 
26.0607197 
-( F-t i0 I 
3885.3572 





1 .9872600  SCOYST -3 .6651100  
MGl FZ G ) 
5 0 0 .  
500. v 3  820. 
M G l F 2 ( G I  
- 1  F-H2981/RT 
32 .2512326  
2 8.40445 18 
27.9 1 6 1  1 1 9  
27 .9162199  
28 .6007006  
20.1468842 
M G l F Z t G I  
- ( F - H 2 9 8 )  
6540 .3401  
16643 .0359  
22374.0708 
2 8 4 1  8.5139 
M G l F 2 t G I  
Example 2 (F2(g) w i t h  PANDK Method and  EFTAPE Option) 
Problem. - Calculate the thermodynamic functions for the reference element, 
FZ(g), where the standard temperature schedule is assumed. Prepare a set  of EFDATA 
and binary E F  data cards for future AH! and log K calculations. Use the PANDK 
method and the following data: 
(1) Physical constants and atomic weights: Same as for example 1 
(2) Heat of formation: AHf(298. 150 K) (assigned enthalpy at 298. 15' K) = 0 
(3) Molecular constants: statistical weight = 1, we = 923 centimeter- , w e e  x = 
0 
1 
15.6 centimeter-l, Be = 0.8909 centimeter-', (Y e = 0.0162 centimeter-', 
and symmetry number = 2 












- 0 1 6 2  /&NO 
. .  
W e 1  
2 value 2 
0 .  
923.  
2. 
-- F- 1 e4388 
WEXE 
Listed output. - The listed output is as follows: 
CONSTS 
ATOM F 
F 2 l G l  
EFTAPE 
HC K 1 . 4 3 8 9 0 0 0  R 
19.  F 2 1 G l  
HF298  
value 3 




- 3 . 6 6 5 1 1  
-8909 
SZflNST - 3 . 6 6 5 1 1 0 0  1 . 9 8 7 2 6 0 0  
METHOD PANOK 
MOLECULAR UT-=  38 .00000  
DATA ST4TUT 1. W E  
DATA ALPHAE 0 . 0 1 6 2 0 0 0 0  SYHNO 
F I N I S H  
f 2 l G l  
9 2 3 .  UEXF 15 .6000000  R E  
2. 
0 . 8 9 0 9 0 0 0 0  
f 2 l t l  
91 
HZERO = -2109.698 
T C P l R  
100 3.5016367 






























25 -  5 150812 
26.4188421 
- f  F-HOIIRT 


















- f F - H 2 9 8 I l R l  





24.8 192 3 89 
25.1510313 












































































4.3 I 68867  
4.3774085 
2.0303153 





2.03031 53 25.1510313 













































































































3.88767 I 1  
3.9214502 
32.08 170 I 3  27 -8 191284 
32.3373030 28.0501258 






































































































































3 1 .2 673409  
31.3801374 
31.4904239 














3 2.90594 10 
30.78e5091 
4.0612585 
















































































3 I .  9 69 9965  
















































































57 -50  1108 
54 0 16403 
55 -326775 
56.480524 







































































































































9-10  34043 
9.1368493 
9.1 6 79254 
9.1971188 




9.3 25 1786 
Y.3484893 





9 -48 00470 
a. 1 9 ~ 5 2 2 1  
8.5 r.37762 
17474.1519 





















































1 7 ~ 0 1 . ~ 5 5 ~  

















































279875.. 41 0 1  
2 87106.8789 































174378.76 17 172269.0664 






2 9 1 1 n . ~ ~ 9 0  





















































































































































2 13747 .bo94 
270755.3398 
227794.7441 
2 34 860.1699 








299 524.91 02 
10613 20.328 1 
31035.9297 















...-.  ~- 




































1 l 1 l l l 1 l 1 1  I1 Ill I 
Card Label Numerical Label Numerical Label Numerical Label Numerical Carr 
col- 1 value 1 2 value 2 3 value 3 4 value 4 col- 
umns umns 
1 to 6 79 to 
80 
CONSTS HCK 1 . 4 3 8 8  R 1 . 9 8 7 2 6  SCONST - 3 . 6 6 5 1 1  
ATOM F  19. F 2 l G l  
k F D A T A F 2 I G )  0. HZERO - 2 1 0 9 . 6 9 7 5 c L - T P T  0. T NO.. 6 1 . 0 0 0 0  
IBCOUMODO 
Example 3 (F(g) with LOGK Option) 
- __ 
2 1 5 6 .  
Problem. - In addition to calculating thermodynamic functions, calculate the heat of 
formation and equilibrium constant values for F(g) from F2(g) for the temperatures, 
298.15', 1000°, 2156', 3000°, and 5000' K. Use the enthalpy and free energy values 
for  F2 calculated in example 2 (i. e . ,  the EFDATA and binary EF  data cards for Fz). 
For F(g), use the following data: 
(1) Physical constants and atomic weight: same as example 1 
(2) Heat of formation: AHf(298. 15) = 18 858.2 calories per mole 
(3) Spectroscopic data: J1 = 3/2, el = 0 and J2 = 1/2, e2/hc = 404.1 centimeter-' 
0 
T  3000. 
Punched card input. - The punched card input is as follows: 
I 
Binary EF data for F2(g) 
F l l G l  
1 0 0 0 .  
5 0 0 0 .  
0. 
Listed output. - The listed output is as follows: 
CONSTS 
ATOM F 
FFDATA F Z i G I  






F I N I S H  
F I I  G I 
HZERfl = 17300.217 
HC K 1.4388000 R 
19. F2 ( G I  






1.9872600 SCDNST -7.6651100 
T NO. 61. 
2156. T 3000. 


















2156 4.997 0493 
3000 4.9835732 
5000 4.9738773 
F L I G I  






























S -I F-HO I 








































2 1  91'73.8984 
HZERO 17300.217 
REFERFNCE ELEUENTS GASEOUS ATOUS 
T CPlR. (H-HO)IRT S I R  -IF-HOIIRT HlRT -FIRT DELTA H l R T  -DELTA F l R T  DFLTA HlRT -0ELTA F l R T  
298.15 2.7358 2.6295 19-0800 16-4505 31.8281 -12.7481 31.8281 -24.9372 0 0 






















2-5745 24.2258 21.6513 6.6123 17.6134 4.6951 3.0701 
2.5565 25.0552 22.4987 5.4584 19.5968 3.4160 4.3988 
2.5358 26.3348 23.7990 4.2769 22.0579 2.0771 5.7751 
REFERENCE ELEMENTS 
H-no S -IF-HOI H DELTA H L O G  K 
1558.0 37.9170 9747.0 18858.2 18858.2 -10.8301 
5220.6 44.2777 39057.1 22520.8 19574.2 -0.9872 
0 0 __----  17300.2 ---_--- 18355.1 
11030.6 48.1429 92765.5 28330.8 20116.3 1-3333 
15241.5 49.7913 134132.3 32541 -8 20365.7 1.9104 




G A S t O U S  ATOUS 








F L I G I  
Example 4 (P(s) with Least-Squares Fit) 
Problem. - Use the data for  P(so1id) given in reference 3 to calculate the least- - 
squares coefficients and punch them on cards as required for use with the program 
described in reference 33. Use  functional form given in equations (10) to (12) with 
qi = 1, 2, 3, 4, and 5. The data are normally fitted in two temperature intervals, 300' 
to 1000° K and 1000° to 5000' K. However, since P(so1id) melts at 317.3' K, there 
will be  only one set  of coefficients for this case. 
Punched card inDut. - The Dunched card imut  is as follows: 
A -  * 
u m  















1 . 9 8 7 2 6  
0 .  




Numerical Label --r r 
Numerical 
value 4 
9 . 9 8 1  
1 0 . 0 1 6  
1 0 . 3 3 8  
95 
Listed output. .. - The listed output is as follows: 
CONSTS R 1.98 72 600 
P l I S l  HF298 
ATW CAR0 UISSING OR FORMULC, INCORRECTI. C160 
LSTSQS 
UETHOO REAOIN UFLTPT 317.30000 
DATA T 298- 15000 CP 5.6940000 H-HO 1282.30000 S 9.9809999 
DATA T 300- CP 5.7050000 H-HO 1292.80000 s 10.0160000 
OATA T 317.30000 CP 5.7980000 H-HO S 10.3380001 1392.30000 
F I N I S H  
LEAST SQUARES 
T CPlR INPUT CPlR CALC HHlRT INPUT HWRT CALC S / R  INPUT S I R  CALC -FH/RT INPUT -FH/RT CALC 
INPJT-CALC FRACTION INPUT-CALC FRACTION I N  PUT -CAL C FR ACT 10'4 INPUT-CALC FRACTION 
300.00 2.8707869 2.8707715 2.1684799 
0.0000154 0.0000053 0.0000052 
317.30 2.9175850 2.9175850 2.2080457 
0. 0. 0.0000001 
UAX-REL ERR CPIa  = 0.000005 TEUP = 300. 
WAX REL ERR HHIXT = 0.000002 TEUP = 300. 
WAX REL ERR S /R  = 0.000044 TEUP = 300. 
UAX REL ERR FH/ST = 0.000076 TEUP = 300. 
UAX ERR CPlR = 0.000015 TEUP.= 300. 
MAX ERR HH/XT = 0.000005 TEUP = 300. 
MAX ERR S/R  = 0.000223 TEUP = 300. 
UAX ERR FHIRT = 0.000217 TFUP = 300. 
CPlR 2.7877384E OOT** 0. -2.1253577E-031** 1.0 
2.1684747 5.040 1055 5.0398830 
0.0000024 0.0002725 0.0000441 
2.2060456 5.2021376 5.2021377 
0.0000000 0.0000005 0.0000001 
R E 1  LST SQ AVER REL ERR CPlR = 0.000003 
AVER REL ERR HHlRr  = 0.000001 REL LST SO 
AVER REL ERR S I R  = 0.000022 
RFL L S T  Sr) AVER REL ERR FH/RT = 0.000038 
AVER ERR CPlR = 0.000008 L S T  SQ 
AVER ERR HHlRT = 0.000003 L S T  sa 
AVER ERR S / R  = 0.000111 LST so 
AVER ERR FHlRT = 0.000109 LST SQ 
REL L S T  sa 






ERR CPlR = 0.000004 
FUR H-IIRT = 0.000002 
FUR S I R  = n.oo0031 
ERR F i I R T  = O.OOOO'i4 
ERR CP/R = 0.000011 
ERR HHlRT = 0.000004 
FRR S I R  = 0.000157 
ERR F i I R T  = 0.000154 
-9.1330942F-11 T** 4.0 
IH-HOIIR CONSTANT = -0.15448489E 03. HIRIA61  CONSTANT =-0.79974519€ 03. S / r (  CONSTANT -0.10519705E 02 
PUNCHED BJYARV CARDS-- 
P l I S l  0. o.3ooooooo~ 03 0 . 3 i n o o o o ~  03 O . ~ O O O O O O O E  04 0.500oonoo~ 04 0. 
0. 0. 0. 0. 0. 0. 0~30000000E 03 
0.10000000E 04 0.27877383E 01 -0.21253577E-02 -0.35459652E-06 0.55271665E-07 -0.91330943E-10 -0.79974519E 03 
P 1 I S l  
0. 
0. 
0. -0.10519705E 02 0. 
0. 0. 0. 










P l I S l  
HZERO = -1282.300 
T C P I  R IH-HOIIRT IH-HZ981IRT S I R  - I F - H O I I R T  -1F-HZ98119T H/RT -f1r1 
298.15 2.8652516 2.1642137 0.0000000 5.0724932 2.8582796 5.0224932 0.0000000 5.0724932 
300 2.8707869 2.1684799 0.0176122 5.0401055 2.8716256 5.0224937 0.0176122 5.0224937 
317.30 2.9175850 2.2080457 0.1744488 5.2021376 2.9940919 5.02768R9 J. 1744488 5.0776888 
HLERO = -1282.300 
T CP H-HO H-H298 S -IF-HO) H -F -1F-HZ981 
298-15 5.6939999 1282.3000 0.0330 9.981000 1693.5351 2975.8351 0.0000 2975.8351 
300 5.7049999 1292.8000 10.5330 10 .Olb000 1.712.0000 2994.2999 10.5000 2994.2999 
317.30 5.7979999 1392.3000 110.0030 10-338000 1887.9474 3170.7473 110.0000 3170.2473 
P1 IS  I P I I S )  
P u n c h e d  Card I n p u t  for Examples 1 to 4 Combined 
Examples 1 to 4 may be all run in a single machine pass as well as individually. 
In this case, however, the general data may be combined. Thus the punched card input 
is as follows: 
96 
Card 
col- 1;; CONSTS 
ATOM 
ATOM 





F I N I S H  





F I N I S H  






F I N I S H  
























































V 1  
SYMNO 
HF298 
W E  
SYHNO 
H F 2 9 8  
T 










I E X E  
1-HO 









2156 .  



















Description of problems. - This example is a combination of several  problems. The 
input includes a more complete set of general input data and specific data for five species, 
A d d ,  H2O(g), Mg(g), Mg(s, 9-1, and MgO(g). 
The general data include ATOM cards for the first 20 elements. For simplicity, 
however, only five sets of EFDATA and binary E F  data were  included for three assigned 
reference elements and two monatomic gases, namely, Mg(s, a) ,  H2(g), 02(g), H(g), 
and O(g). A LISTEF card is inserted before the O2 EFDATA, and so  the data on the 
binary EF data cards for O2 will be listed in the output. 
The specific input data cards are for  solving the following problems: 
(1) Ar(g) - Calculate thermodynamic functions from the following empirical equa- 
tions (method COEF): Co/R = 2.5, (HOT - Hi)/RT = 2.5, and S;/R = 2.5 In T + 
4.3661076. Punch these coefficients for use with reference 33. 
AHf"(298. 15) = 
-02 method. List intermediate results. Use H: = 57 103.5 calories per mole. 
0 P 
Assume H298. 15 = 
(2) H20(g) - Calculate the thermodynamic functions for T = 5000' K using the 
(3) Mg(g) - Perform the following options in the calculations: 
(a) Calculate the thermodynamic functions using the lowered ionization potential 
cutoff technique (method TEMPER). 
97 
(b) Include unobserved but predicted electronic levels (FILL option). 
(c) Include option for punching EFDATA and binary E F  data cards and putting 
(d) Do a least-squares f i t  of the functions from 1000° to 5000' K assuming the 
data on tape (EFTAPE card). 
2 3 following Co equation: a1 + a2T + a3T + a4T . Constrain the curve f i t  to f i t  the func- 
tions exactly at I O O O ~  K. 
P 
(e )  Include DATE cards so 4/63 will be punched on coefficient cards. 
(a) Calculate AH; and log K, and tabulate the values with the thermodynamic 
(b) Read in data directly for the solid. (Note that DATA cards have several 
(c) Assume Co = 8 calories per mole per 4( for the liquid. 
(d) Calculate the integration constants (eqs. (11) and (12)) using a heat of melt- 
ing value of 2140 calories at the melting point, 923' K. 
(5) MgO(g) - Calculate thermodynamic functions using PANDK method and including 
two excited electronic states. (Note that columns 79 to 80 identify to which of the three 
states the data belong). Calculate and list tables which include AH: and log K values. 
(4) Mg(s, l) - Perform the following options in the calculations: 
functions (LOGK card). 





























Use a disssociation energy of 90 kilocalories per mole at 0' K. 




























7 5  
923 .OOOO-T- -NO,, 
~~ 
















































0. JHZERO I -1190.300$ELTP. 

















0 .  
0. 
0. 
Binary EF data for HZ(g) 
Binary EF data for H(g) 
Binary EF data for O(g) 






















































A R l ( G  














F I N I S  
MGItG 
EFTAP 
L S T S Q  









































































L F I  




























































A S I N D H  -57103.5 
298.15 T 
100. T 




Y 1 1 2  -.lo 
Y133 1.17 
80 14.5064 
47957.047 I 0 157812.72 
A L FAA 2-2.941 


















































A S I N D H  0. 










CP 7 792 
CP 7.880 








A L F A l  
ALFA(  



































3 1  
298.15 T 
782.99 WEXE 






0. k s  
0. 5001 
3755.79 



















































1.172-0 E T A l  
1.13-0 E T A l  
f :: 562.69 521.91 
100 









































H F  
K 
I !  
Hr, 
N 
N A  





M G l l 5 1  
H 2 1 6 l  
H l f t l  
n i r c , ,  
0 7 l G l  
T 
8on.oon 
1 o no. o on  
1 2 0 n . 3 ~  
26 .9800000  
99.9439998 
io .  82onooi  
9.0130000 
12.01 i nooo  




1 9 .  
1. n m n n o c  
4. oo3nooo 
39 .0999999  
6 .94onono  
24 .3199999  
14 .  n m o o o o  
22 .9909999  
20.1830001 
1 6 .  
30 .9749999  
32. n66n000 
2R.0899999 
v - t i n m r  




3. 68591 803 
9. 77485391 
3.85329697 
3.921 303 66  
3.98077118 
4 .08182836  

















4.609131 57  
4.6 2 972 3 6 7 
4 .66856867  
4 . 6 4 9 5 2 n i 6  
HC K 
AL1 I S 1  
A R l f G l  
81 I SI 
RE1 IS1 
C l I S l  
C A l  I S 1  
CLZIGI  
L S l I S I  
F l f G I  
F 2 l G l  
H21GI 
H E 1  I G I  
K l I S I  
L I l I S l  
MGlISl 
N2 ( G I  
N A I I S I  
NF1 ( G I  
02 I G I  
P1 I SI 
5 1  I S 1  
S I l I S l  
HZERO 
H Z E R O  
H Z E R O  
H Z E R O  
1.4388000 
2. 
1 2 .  
2 .  
4 .  









2 .  
4. 





40 .  
1 2 .  
-1 190.30000 
-20 23.80000 
50616 -500  
57949.150 
H 7E RO -20 74.7 3 901 





































































StONST -3 .6651100 1.9872600 
16 .  
6 1 .  
6 .  
13. 
15 .  
6 1 .  
1 5 6 .  
72 .  
2 .  
6 .  
2 .  
1. 
3 2 .  
8 .  
33. 
20. 
1 8 .  
1. 
1 5 .  
170 .  
215 .  
75 .  
923.  T NO. 28. 
r NO. 6 1 .  
T NO. 6 1  - 
r NO. 61 .  
r NO. 61 - 
H - H  O I R  T - IF -HO) /RT  





3.81 546095 25.87004900 
3.88850057 26.51351452 





































31.7 0495868  
31.90140796 








TFWP T 298.15000 
METHOD COEF 
DATA T 100. 
DATA c 1  P. 5oonooo 
DATA TPWCH 300. 
FIN  I S H  
PUNCHED RINARY CARDS-- 
AR1t GI 0. 
0. n. 
0. ioononooE 04 o..25oonono~ 01 
0. n. 
A R l t  GI 0. 
0 .  0. 
AR1t GI 




1000. I 1000. T 6000. 
REOUCE H298H0 1481.25400 
6000. 
CH-HO c s  4.3 661 076 
1000. TWNCH 5000. 
T 
E l  
TPUNCH 
0.30COOOOOE 03 0.50000300E 04 
0. 3 .  
n. 0. 
0.43661076E 01  3 .  
0~1000Q000E 











0 4  0.25000000E 01 








3 .  
































0.0000001 18.6 100991 
19.8838703 1.7546250 
2.12 73125 21.2410507 
1009 2.5000000 
5000 2.500nooo 
6000 7 .  5ononoo 
4000 7.500.0000 
WERfl = -1481.254 
T CP 
2911.15 4.9t.81500 
3000 4.968 I 500 
6000 4.9681500 
inon 4.9681 500 
2000 4.968 1 500 
4000 4.9681500 
5000 4.9h8 1500 
2.5000000 2.2515416 22.1304843 2.251 541 6 
22.7875750 2.3136562 










































3466.8961 3950 8.4580 
84422.9805 8455.0459 
13423.1951) 
18 39 1.3459 
23359.4958 
2 832 7.645 5 
130 45 5.8 2 52 13423.1958 131937.0781 
i 79658 . o i s i  
2301 15.6660 
281 573.6055 




TEMP' T 5000. 
INTERM 
Mnmn 
MOLECULAR UT.= 18.01600 
A S  INOH -57 103.500 7 










OATA v 1  
DATA x12 
OATA Y233 
DATA V l l l  
DIT 4 Y 1 7 3  
OATA A0 
DATA ALF4A1 




















RHO 0.213on300 E-04 
3 75 5.7900 1 x11  
-165.48000 x22 
- 19.990000 0 
0.68000000 Y122 













AO = Z ~ . R L "  q n  = 14.~1~6400 co = 9 . 2 ~ 2 8 5 0  RHO = O . ~ ~ ~ O O U O O E - O ~  
AI = 0 . ~ 3 2 5 3 8 7  PLPHA n = 0.75000oo ALPHA 8 = 0 . 2 3 ~ o o o o  ALPHA c - 0.2018000 I =I 
AI =-n.o5n8216 ~ L P H A  4 =-2.9410000 ALPHA B =-o.i600003 ALPHA c = 0.1392000 I =2 
AI = 0 . 0 3 2 9 6 ~ ~  nLpHn 4 = i.2530000 ALPHA s = 0.07800oo ALPHA c = 0.1445000 I =3 
THETA1 I )  = . 4 4 8 $ 2 2 3 0  T H F T I I 2 1  =.37102938 THETA131 =. 
V 1 1 t l . I l  = 0.470 Y11.1.71 = -0.100 Yl1+1.31 0.6RO VI:l.2.2) -0.100 V l l . 2 1 3 1  = -1.720 
V(1.3.71 = 1.17q Yl2.7.2) = -0.600 V12.2~31 1.550 1 1 2 . 3 ~ 3 1  - -0.810 V1313.31 = -0.450 
X I 1 . J )  
-47.7750 -16.4000 -167. C4CO 
- 1  6.4000 - 19.01 50 - 19.3700 
-162.6400 -19.37no -46.4650 
LFVFI =-0 
V I  1 I =3656.65001 1 )  c.11 = 0. 
v i  21 = I  5q4.78noi I I  GZ2 = 0. 
V I  3 1  =3755.79011 1 )  G13 - 0. 
T = 500n.nno 
I I  =1.0572976 R =0.7491556 
II  = 0 . 4 5 8 9 1 7 9  R =0.6319697 
( I  =1.08076hl  ? =n.3393355 
0 - I. coon COYTR I R U T  I 3 V  FI FCTR 
H.O. 6.1191 
R .R. 
R K ,  
THFTA 
7964.7077 
1 .0009  
1.1124 
F I R t T  OROFR CrWRECTIONS 
AI. P HA 0.9546 
V IJK 1. 0043 
X I J  1.0710 
AX I J  0.9930 
S =1.5164656 I = 1 
S =2.7171573 I = 2 
S =1.5136275 I = 3 
L N  0 
0. 
1.84358367 













-0.0403580 1 -0.06193407 
0.12646388 0.30 33 3 602 
o.ni i42752: 0 .O 3873087 
-0.015020zi -0.04561825 
5 f C O N n  OROFR CnRHECTlONS 
I x 1.1 7 1. 009R 0.00975028 3.02659192 0.09221710 
X Y  1.0027 0.00264834 0.00939342 0.04116510 
n x r  0.9977 -0.002262 18  -0.00755046 -0.0 3202735 
H X I l I C . )  
HLFRO = .-57103.500 
T CP I F  IH -HOI  I R T  
5onn 7.3522221 6.1244898 
H7FRO = -571C3.500 
T CP H-Hfl 
m o o  1 4 . 6 1 0 7 7 6 ~  6 0 ~ 5 4 . 7 6 7 1  
S I R  -1 F-HO I I R T  
38.3642924 31.9398026 
5 - 1  F-HO I 
75.643645 317363.4570 





I .  

























M G l c  GI 













E X P  
4 / 6 3  








































DELTAH 35.5999999 K C A l  
T 
E XP 

























49346 -7 10 
57812.720 
52556 -370 

































1000. E XP 
3 .  
21870.426 

















N P R E I ) .  SUM(?J+11 ACT. SUM(2J+11 OlFF MAX LEVEL 2J+11 M A X  LEVEL 
3 36.0 42.0 -6.0 57873.8901 5.0 
4 64.0 64.0 0. 54676.7598 9.0 
5 100.0 64.0 36.0 57204.2202 43.0 
6 144.0 61.0 83.0 58575.5400 90.0 
7 196.0 61.0 135.0 59400.7700 142.0 
8 256.0 51.0 205.0 59935.3799 233.0 
9 324.0 51.0 273.0 60301.2998 301.0 
10 400.0 51.0 349.0 60562.6401 377.0 
11 484.0 51.0 433.0 60755.7798 461.0 
12 576.0 51.0 525.0 60902.5298 553.0 
1 3  67h.0 30.0 646.0 61016.4199 653.0 4.0 
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0.3033978 0.0300390 -0.0000877 - 0.0000037 -0.0001853 -0.0300086 
2.5130237 2.5100471 24.0342700 24.0344784 21.5242469 21.5244312 
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0.0002438 0.0000944 0.0000141 0.0000006 
2.5937589 24.9728916 24.9728959 
2.6046568 25.0361936 25.0363030 
o .000043o -0.COO1094 -0.0000044 
0.0000851 -0.oon0043 - o.0000002 
AVER RFL ERR C P f H  = 0.000998 REL L s r  





3.1 Or(312 6 2.5939796 
-0. on0903 n 0.0002717 
1.16173ZO 3.16Q6197 2.6047688 
-0.0078878 -0.0024948 0.0001120 
MAX-RFL FP9  C P l R  = 0.002495 TENP = 5000. 
MAX R R  FRR HHfRT = 0.000105 TFMP = 1600. 
WAX REL EQR $ f Q  = 0.0011044 TEMP = 1700.  
sa ERR C P l R  = 
ERR HHfRT = 
ERR S I R  = 
ERR F H l R T  = 
ERR C P l R  = 
ERR H H l R T  = 
ERR S/R = 
ERR F H f R T  = 
1 
AVER RFL ERR HHfRT = 0.000129 REL L S T  SO 
AVEH REL ERR S I R  = 0.000016 REL L S T  SO 
AVER REL ERR FHfRT = 0.000010 I E L  L S T  SO 
AVER ERR C P f R  = 0.002660 L S T  SO 
AVER ERR HHlRT = 0.000325 LST SO 
AVFR ERR S I R  = 0.000363 L S T  SO 
AVER ERR FHfRT = 0.000216 L S T  Sa 
- l .O220946€-07T** 2.0 1.9856143E- l lT**  3.0 
= 0.17198050E 05. S I R  CONSTANT = 0.40729443E 0 
WAX R E I  F9R F H f Q T  = O.nOOOl7 TEHP = 2200-  
MAX FPR C P f R  = 0.0117888 TEMP.= 5000. 
MAX F9R HHIRT = 0.000761 TEMP = 1600 .  
MAX ERR S/R = 0.000975 TEMP = 1700.  
MAX FRR F H f R T  0.000347 TFMP = 2200. 
C P l R  = 2.417217nE OOT** (1. 1.6512134E-O4T** 1.0 
( H - H O I I R  CONSTANT = 0.29313141E 02. H f R f A 6 )  CONSTANT 
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REFERENCE ELEMENTS GASEOUS ATOMS 
T C O I R  114-HPI IRT  S I R  - I F - H O I I R T  H I R T  -F /RT  DELTA H I R T  - 0 E L T A  f / R T  D E L T A  H l R T  - 0 E L T A  F l R T  
7 9 R . 1 5  7.R5P4 1.5915 25.6427 22.0492 7.0836 18.5591 7.0836 2.3139 -153.5179 141.9372 
+ I O C Q  4 . 8 6 1 8  4.146’4 30.8331 26.6862 5.1875 25.6456 0.2826 6.7096 -46.2377 33.1272 
?nrn 5 .5144  4.7184 34.51102 29.7619 5.2587 29.2416 -0.3038 6.6584 -22.9580 10.6428 
qnnn 5 . ~ 2 5  4.1661 36.7016 31.7355 5.3130 31.3886 
4nno 5. I ‘ 4 3  5. ~ 7 6 ~  38.7012 33.1745 5.2869 32.9143 
-15.1704 3.0230 
-11.3602 -0.7643 
5nrn  5.0775 5 . ~ 1 4  39.3195 14.2981 5.2495 34.0900 -9.1696 -3.0434 
mnn 5.1773 5.0469 40.2646 35.2178 5.2203 35.0443 -7.8175 4 . 5 8 6 2  
+ A  C H A Y G E  1V PHASF 1 F  AN A S S I G N F D  REFERENCE ELEMENT HAS OCCURRED BETWEEN T H I S  TEMPERATURE A N 0  THE PRECEDING ONE. 
YGllS I - -  973.nnn 
U G 1 l l l  GI 
R EFEa ENC E EL EMEN T S  GASEOUS ATOMS 
T 5 H DELTA H LOG K 
n 0 0 
D E L T A  H LOG K -I F-HO I 
Z 9 R . 1 5  7.6C7C 7 1 7 9 . 1  50.9586 13064.2 4197.0 4197.0 1.0049 -90959.6 61.6425 
8 InO’CI 9.659R R 7 4 1 . P  61.2735 53037.4 13308.9 561.6 2.9139 -91886.4 14.6475 
7000 i o . q c 6 4  1 8 ~ 1 7 . ~  6 ~ . 5 h l O  1182R9.1 20900.7 -1207.5 2.8917 -91247.0 4.6221 
__-_ -90000.0 ------- - _--I -_ 2067.9 4295.6 c p  H-HO _-_--_ 
-90442.5 1.3129 
-90302.7 -0.3 3 19 
5nn0 1 0 . n 9 ~ 3  50093.1 78.177’4 3 4 0 ~ 1 6 . 1  52161.0 -91111.6 -1.3217 
hnnn 10.r899 ~ 0 1 7 6 . ~  Rr.0163 419921.1 62244.7 -93212.5 -1.9918 
ob C H ~ ~ J ~ F  I U  P H A S F  J F  4 N  A F S l G N E n  RFFERFNCE ELEYENT HAS OCCJRREU BETWEEN T H I S  TEMPERATURE AND THE PRECEDING ONE, 
q G i i  S I - -  s23.nn0 
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l n ~ ~  terms 
n 
=1 
c a, (Si) 
?or diatomic and linear molecule 
C2BOO -In ___ 
T 
For nonlinear molecules. 
PT 
%atomic linear molecules where 
Fermi resonance occurs 
PT 
%igid-Rotator Harmonic-Oscillator approximation. 
k o d i f i e d  Pennington and Kobe method. 
'Joint Army Navy Air  Force method. 
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In Q AND THEIR DERIVATIVES 
-2c2 To 
T 
































































c2 = hc/k 
g, = statistical weight 
To = electronic excitation energy 
+ = degeneracy 
n = number of unique frequencies 
ui = c2vi/T 
r. = e-'i 
si = 1/(1 - ri) 
(I = symmetry number 
u1 = ue - b e X e  + 3.25 ueYe + QeZe 
B o = B e - - + - + -  ff1 a2 a 3  
2 4 8  
B o =  Be - 1 d.a? 
C o =  Ce - 1 d .oc  
1 1  
2 i=l 
1 1  
2 i=l 
For  PANDK, p = E and f o r  JANAF, p = 4 
C2Bi 
p is given 
81 82 83 . 4B: 
D = D + - + - + -; If not given, De = - 
e 2  4 8 
c2B0 (c2B0)2 4(c2B0)3 el = -, e2 = ~ , e 3 =  ~ 
D = DO00 4 
3 15 315 
el=: z(A + B  + c ) - - - - - - -  
AoBo co A°Co Bo BOcO1 A0 [ o o o  
e3 = o 
Wo = Fermi  resonance constant 
uw = 2c2v2/T 
rW = e-'W 
%= 1/(1 - rw) 
S = (1 + 2 r w ~ ) u w  + 2(r2u2s2 - 1) 
dNonrigid-Rotator Anharmonic-Oscillator 1. 








































5 diairisi [1 + 1 aisi + 4 a:.$( 1 + ri) 




1 1 1 1  
n 
1) + didjaijrirjsc 
j r i  
n 1 + d.d.a.a..(l + 6..)r.r.s2s. j=l 1 1 1 1 1  11 1 1 1 1  
l l lr ls~( l  + 4r1 + '21) (diatomics only) 
2 d.(d. + 6..$.r.r.s.s. c n  
T i = l  1 '1 1 1 1 1 1  
j=i 
"2 2 d.(d. + 6..)(d + 6  + 6  )Y.. r.r.r s.5.s 
T i = l  1 1  11 k ik jk i i k i i k i i l  
p i  
k=j 
c n  3 
T i=l 
di(dj + 6..)(Xij + G.)r.r.s.s. 
11 1 1 1 ' 1  
j=i 
_ _ ~  ~ _ _ _ _  _ ~ _ _ _  
aRigid-Rotator Harmonic-Oscillator approximation. 
bModified Pennington and Kobe method. 
CNonrigid-Rotor Anharmonic-Oscillator 1. 






































































= d y y r a c y  
i =  e 
= c2 vi /T 
= 1/(1 - ri) 
= we - 2wexe + 3.25 weye + 5weze 
= number of unique frequencies 
= (01 - 02 - 0.75 03)/BO 
aB (1 + 6. )a,. 
Bo j=1 2B0 
, i = L c  2 L Y  
Pi = ai(ai + 1) 
?or PANDK, a l  = ( a l  - 2 a 2  - 3.25 a3)/Bo and for JANAF, al = (a1  - a2 - 0.75 
For PANDK, Xll = -Wexe + 4 . 5  weye + 14.5 WeZe 
and for JANAF, X1l = (-WeXe + 4.5 WeYe + 14.5 Weze)L'l/We 
" d  
k = l  2 
Kii = xii + (1. 5 di + 3)yiii + c 3 Yiik 
k#i 
" d  
Kij = xij + (di + 1)y ... + (d. + 1)y ... + c A y.. 111 1 111 k=l  2 Ilk 
k f i  
Y l l l  = WeYe + 8Weze 
'ijk = Yijk 
G i =  0 
where In Q:= In Q and In Qc, is 
j "I I 
any t e r m  in formulas 8 to  27 which has the formula In Q, = (c2/T)'j Cj 
p. = 0, 1, or 2; C 




is a constant; ni and mi are integer exponents; and hi is an integer 
I 1 
uh(y  + mirh s,, ) - pj. I i i  
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Y e s  
Y e s  













i R R A 0 Z C  
Y e s  
Y e s  
Y e s  
Y e s  
Yes 
Y e s  
Y e s  
Y e s  
Y e s  
Y e s  
Y e s  
Y e s  
Y e s  
TABLE a. - Concluded 
InQ: termse  
1 (2r il 4ai [Xiidi(di + l)] 2rfs: 
2 T  
'Rigid-Rotator Harmonic-Oscillator approximation. 
'Modified Pennington and Kobe method. 
konrigid-Rotator Anharmonic-Oscillator 1. 
'Nonrigid-Rotator Anharmonic-Oscillator 2. 
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lijk= (2 - ajk)(l + 6..)(1 + 6*)di(dj + 6..)(dk + bik) 
11 '1 
1.. = 2(1 + aij)(l + 6%+ 6jk)(di + 6..)d.(d + 6* + 6. ) 
11k 11 1 k ik 
%erivatives: T [d (In Q:)/dT]= In QcjSj and T2[,a(In Q:)/dTz] 
= In Qcj[f: miuE:h:hi(rhi%i where In Q T  = In Qcj and In Qc, is 
I 
where 
is an integer 
P' any term in formulas 8 to 27 which has the formula ln Qc, = (c2/T) ' Cj 7 r% 
p - 0, 1, or  2; C 
subscript, and where s. = 
I 
is a constant; 9 and mi are integer exponents; and i -  1 






















Physical constants, hc/k, R, and Sc (eqs. (4) and (5)) 
Chemical symbol, atomic weight, and reference form of each element. (If FILL 
option is used, also include the coefficient b in equation (8) and c g i  in 
equation (8) for the ground state). 
Code in card columns 1 to 6 only which calls for listing the contents of the binary 
EF  data cards that are processed after the LJSTEF card 
Chemical formula for reactant (monatomic gas  or element in i ts  reference form), 
the HE value, the melting point if any, and the number of temperatures for 
which there are binary EF  data following this card 
Enthalpy and free energy data for the reactants. These data for each reactant 
consist of a set  of column binary cards; the number of cards depends on the 
amount of data. Each set  must be preceded by the EFDATA card which 
identifies i t  (see previous card). 
- 
Specific data 
_ _  
-__I __- 
Chemical formula of species (This card may also contain a heat of formation and 
its corresponding temperature) 
Temperature schedule 
Numbers to identify input data sources 
Code in card columns 1 to 6 only which calls for EFDATA and corresponding 
binary EF data cards to be punched and for the data to be put on tape 
Code in card columns 1 to 4 only which calls for tables of thermodynamic 
properties including AH; and log K 
Temperature intervals for a least-squares fit, temperature exponents in the 
polynomial, and a temperature where the data are to be constrained 
Code in card columns 1 to 6 only which calls for intermediate output 
Date which will be punched with least-squares coefficients 
A method code which specifies the method for obtaining thermodynamic func- 
tions; for example, RRHO o r  PANDK for diatomic o r  polyatomic gases, 
or READIN for reading in the functions directly 
Data required by method given on METHOD card 



















TABLE IV. - CONTENTS OF FORMULA CARDS 














An assigned enthalpy 
H2"98. 15 
An assigned enthalpy, H; 
Dissociation energy 
(D! o r  -AH!) 
Heat of formation from the 
assigned reference 
elements (AH;) 
Heat of ionization from the 
electron and neutral atom 
Temperature 
Comments 
Numerically equal to 
heat of formation 
at 298.15OK 
aUse only one. 
bThe following are examples of IPATOM: 
ci+: ci + IPATOM = CI+ + e- 
a++: ci + IPATOM = CP + 2e- 
IPATOM = 104995.46 cm-' (refs. 18 and 20) 
IPATOM = 296995.46 cm-I (refs. 18 and 20) 
C1-: C1 + e -  + IPATOM = C1- 
IPATOM = -3.613 eV (ref. 34). 
Units  are cm-l/mole 
Units are cal/mole 
Units are kcal/mole 
Units are eV/mole 
Units are J/mole 
Not required with HF298 
12 1 
I 
TABLE V. - CONTENTS OF OPTIONAL SPECIFIC DATA CARDS 
Card col- 





















Any numbers within the 
machine capabilities 
Temperature (%) at 
the beginning or end oi 









Code calling for the H: value and 
H$ - H: -(F$ -Hi) 
the and 
RT RT 
data to be put on tape and punched 
for future log K and AH; calcu- 
lations 
Code calling for AH; and log K 
calculations 
Card calls for a least-squares f i t  
qi values in equation (10) 
Calls for  the data at this tempera- 
ture to be fitted exactly. Numeri- 
cal value of T must be the same 
as some value in the T interval 
schedule. If omitted, it is assumed 
to be the melting point, if there is 
one; otherwise, 1000° K. 
Cal ls  for intermediate output data 
Punches the label as the last word on 
the binary least-squares coeffi- 
cient cards 
This may be a single value or  the 
beginning or end of an interval 
This must be preceded by a lower and 
followed by a higher T value. 
(See section TEMP card(s). ) 
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Hg98. 15 - H: 
Melting point 
Melting point 

















Read in functions directly. 
Used in obtaining H; - H$ values when €I; - Hig8. 15 values a r e  
given on DATA cards 
Should be included when a se t  of specific data has both solid and liq- 
uid phases 
Calculate functions from empirical equations. 
Coefficients on DATA cards a r e  those of equations (10) to (12) 
dividedby R. 
See MELTPT under READIN. 
Used between two phases of the same species; code is on METHOD 
cardof  secondphase 
May be used in lieu of a heat of transition (see label DELTAH) 
All energy levels whose principal quantum number is less  than or 
equal to this number will  be included 
Missing energy levels will be estimated and included as discussed 
in the section Inclusion of predicted levels 
Include all levels given in input. 
See FILL option under FMEDN. 
Cut off all levels above "reduced"ionization potential (See section 
Internal Partition Function for Monatomic Gases. ) 
See FILL option under FMEDN. 
Rigid-rotator harmonic-oscillator approximation (See table I. ) 
Calculation method of reference 3 (See tables I and It. ) 
Calculation method of reference 2 (See tables I and II. ) 
Calculation method of references 30 and 31 (See tables I and II. ) 
Same as NRRHOl with some higher order corrections (See 
tables I and II. ) 
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TABLE VII. - CONTENTS OF DATA CARDS 
Method Lab e Is Numerical value 
1, 2, 3, or 4 
READIN 
I 
in equations (10) to (12). 
Comments 
One value on each card 
Either one of these values on each card 
Any one of these values on each card 
I s  
S/R 
-F-HO 
Any one of these values on each card 
T Temperature at beginning Two T labels must precede exponents and coefficients for the temperature range. 




Ci(i= 1,2,. . . , ai or ai/R in equa- 
or 10) tion (10) 






Em/hc in cm-' (eq. (7)) 
Use one if has not been set by previous enthalpy value. 
ar+l/R (es. (11)) 
arcl - HZ (es. (11)) 
Jm value 
(1) does not have to be right- or left-adjusted 
(2) may be integer, 0, o r  decimal number (if decimal, it can have only 5 or 0 
(3) must be punched if 0 
to right of decimal point) 
cs 
C S/R 
Use one if has not been set  by previous entropy value. 1 
TPUNCH Temperature value to be 
punched on coefficient 
cards 
Calls for cards to be punched (See appendix E) 
Ionization potential in 
cm-l - 
Required only with TEMPER 
aFor FILL option (METHOD card) or  FMEDN, the principal quantum number for the data on each card must be in card columns 79 
to 80, right-adjusted. 




Labels Numerical value Comments 
1, 2, 3, or 4 
SYMNO Symmetry number Taken to be 1 if  omitted 
STATWT Statistical weight Taken to be 1 if omitted 
Use with excited electronic state. TO TO 
I I See comments for label Bo. Use only for linear molecules. 1 BE Be 
lNRRJ302’ ’/ BO 
I WE 








stant one order 
higher than weze 
’ Diatomics only 
A L P M E  a, J i  
ALPHAi, (i zs 3) I cui (See comments ~ Diatomics only. B, = Be - a1 (. + :) + cy2 (. + :r + o3 (. + $ I--- for definition. ) 
ALFABi (i 5 6) 
ALFAij (i, j I 6) 
“i 
“ i j  i= 1 j Zi 
Linear polyatomics only. B [VI = Be -2 Ii(vi  + :) +? aij ti + ;)kj + 
Nonlinear molecules only. A[vl = A, A “ i  ALFAAi (i I 6 )  
where vi and di are the vibrational quantum number and degeneracy respec- 
tively for the ith fundamental frequency 
n56 






ALFACi (i 56) 
An IC o r  Co must be included for  all nonlinear polyatomics. 
See comments for label Bo. 
See comments for label Ao. 






"i Nonlinear molecules only. CLvl = Ce - 2 CY: (vi + >) 
DE 
~~ ~~~ 
Diatomics only De 
BETAi (i I 3) 
n53 
Diatomics only, where D, = De -x Bi(V + 1/2li 
i= 1 
Vi(d$ o r  Vi 
(i I 20) 
Xij (i I 6 ,  X. * Polyatomics only 
j I 6) 
vi(di) o r  vi di is degeneracy (an integer) of vi and may be omitted when $ = 1 
9 
Yijk (i 5 6, 
j s 6 ,  ks6) 
Yijk Polyatomics only 
wo Wo (Fermi resonance Linear polyatomics only 
Linear polyatomics only 
constant) 
gii 
DO o r  DO00 Do Or DO00 Polyatomics only 
' Polyatomics only 
































-. . . . . . - 
~ 
Card 1 
Machine assigned storage 
Machine assigned storage 
First 6 characters of formula 
Second 6 characters of formula 
:onization potential, if any 
Lowest T in intervals or 
melting point if liquid 
lighest T in intervals or 
melting point if solid 
Second highest T 
lighest T in interval 
rhird highest T 













(2 or more intervals) 
Same as card 1 1 
J 
ir+2 (Second interval) 
Fourth highest T 
rhird highest T 
L1 
l2 
l 3  
%4 
l5 




Fifth highest T 






r + l  
‘r+2 
1 







Cards 3 to 5 as required 
(5 to 9 intervals) 
Same as card 1 1 
J 
Lowest T in 
interval 









Lowest T in 
interval 






















1W I I 
Calculate AHT, AFT 





C 6 W C l f f l  (LEAST) 
00 least-squares 
fit. List results. 
Punch coefficients. 
 
I + REFNCE 
T 
CM. CllOlEFTAPE) 
Read binary EF data 
for species. Put 
Read and list 
one card. 
b contents of 
C540C570 NABLESI 
IRECO, ATOM, or POLW 
C20. C14OC160 IILENT) 
Assume card is formula card. 
Store card contents. From 
formula, calculate molecular 
weight and number of atoms. 
Also determine i f  gas, solid. 
Figure 1. -General flow of program. 
--Langley, 1961 - 8 E-3420 129 
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conducted so as to contribute . . . to the expansion of human knowl- 
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